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PREFACE. 


The preparation of lubricating oils and greases, shoe 
polishes and leather softening materials are con¬ 
veniently grouped together*, since the materials em¬ 
ployed in their preparation are essentially similar. 
In the compounding of these substances the old rule 
of thumb methods no longer apply, both scientific 
and technical knowledge being required in order that 
the materials may be fitted for particular purposes. 

In the present volume the author has given a 
short account of the extraction and purification of 
the various animal and vegetable oils and fats, the 
chemical composition of oils and fats; the prepara¬ 
tion of mineral oils, rosin oils, soaps, mineral matters, 
etc., which are employed in this industry. Xumerous 
recipes are given for the preparation of lubricating 
oils and greases, blackings, leather varnishes and 
leather softening preparations. The lubrication of 
machinery and the various forms of lubricators are 
considered and also the methods of testing lubricatino* 

o o 

oils. 

In the present edition much new matter has been 
introduced in connection with the composition of oils 
and fats, emulsion lubricants, the graphite prepara¬ 
tions, “aquadag” and “oildag” of Dr. Acheson, the 
“Germ Theory” of lubrication of Messrs. Wells and 
Southcombe, etc., etc. 



I'lnoFAc];. 


iv 

The cleaning' of oily waste and the recovery of 
used lubricating oils—both essential to economical 
working—are considered together with the removal 
of thickened gi’ease and oil. 

In placing this edition before the public the reviser 
ventures to hope that manufacturers of lubricating oils, 
l>oot polishes, and leather dressings, will find within 
its covers much that is of interest and possibly of value 
relating to the industries in which they are engaged. 

H. B. STOCKS. 


Lo.vdos. Dfcember, 1922. 
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THE MAXUFACTUEE OF LUBRI¬ 
CANTS. SHOE POLISHES AND 

leather dressings. 

PABT I. 

THE MANUFACTURE OF LUBRICANTS AND 

GREASES. 

CHAPTER I. 

INTRODTTCTOEY. 

The progressive extension of machinery has caused attention 
to be drawn to the manufacture of substances facilitating 
the uniform and easy running of machines. WTiereas formerly 
the only application of substances of this nature was to cart 
axles and simple machines, they have now to be used on all 
the countless auxiliary tools that human ingenuity has devised. 
When it is considered that one has to deal in this connection 
with movements ranging from the rotation of a ten-ton fly¬ 
wheel on its shaft to that of the smallest wheel in a watch, 
or that of a dynamo shaft running at over 1000 revolutions 
a minute, it becomes eiudent that the lubricants used for these 
purposes must be of a highly divergent character in order 
that they may be fitted for the work required, and also that 
the preparation of a lubricant suitable for a particular pur¬ 
pose is a task involving a considerable amount of considera¬ 
tion. The details given in the present work clearly show 
the large number of most diversified compositions which must 
be used in order to produce lubricants which will really be 
suitable for every purpose. 

The name lubricant or grease is a generic term applied to 
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thf- on madiines anil machine parts in places 

tint arr in miitnal sliJiiin c^r rolling contact. 

In - an- r.i>e- tne tt-rni iTrrase is also used in connection 
'ai''-tanAr' t-iiipo'A’ed to soften leather, so that a distinc- 
tn .. may be drawn between two groups of greases, namely, 
iiia-'hiim FFra'^t/s and leather greases. 

Th- ohiect of usiiiL' any grease—whether intended for 
apibiication to the parts of a watch, the axle of a farmer s 
w’aggon, or a Hussia leather shoe—is always with a view to 
overcome, a- far as |H 3 ssible, the friction or resistances oppos¬ 
ing !no%'ement, and in addition, in the case of leather, to 
render tlie material supple and prevent it becoming hard. 

lliese two purposes of greasing being so different, it will 
he necessary to consider them separately and wre shall first 
devote our attention to the lubricants used for machinery. 

The resistance's opposing themselves to movement are 
usually terrued frictional resistance. In many machines, es¬ 
pecially those of a complex or heavy type, the frictional resist¬ 
ance is so great that a large expenditure of force is necessary 
to overcome it: and the heat generated by the friction is 
siiftieient to make the parts in contact red hot, an instance 
of this conversi'.»n of friction into heat being afforded by the 
well-known '‘heating’' of ungreased axles; it is only by the 
aid of suitable lubricants that frictional resistance can be 
reduced to such an extent that the loss of pow’er in overcom¬ 
ing friction loecomes comparatively small. 

'^laiiy machines and machine parts are run at very- high 
s|:M?eds, and it would be impossible to keep them running 
safely without the use of suitable lubricants. It is only 
necessary to mention as an example the extreme velocity wdth 
wdiicli the journals of railway carriages run in their bearings. 
I! the two are turned ever so true and fitted carefully to¬ 
gether, the frictional resistance would soon cause them both 
to beeiune red h.3t. The same applies to the shafts of ven¬ 
tilating fans, electrical dynaim>s, and centrifugal separators, 
ft IS manifest that, m the absence uf some lubricant, the 
|cirts JO iiiiitiial sliding ur rolling cuotaet would be exposed 
to very Cimsiderable wear, since they would act on each other 
like two grindstone- rubbing together. 
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It is therefore evident that the utility of lubricants is two¬ 
fold : in the first place, the use of a suitable lubricant reduces 
the frictional resistance to such an extent that it can be 
overcome w’ithout any undue expenditure of energy; and 
secondly, the parts in contact are protected against too rapid 
vrear. 

Before entering upon the subject of the various kinds of 
lubricants, it will perhaps be advisable to consider the ques¬ 
tion : In what does the efficacy of lubricants consist *? This 
problem can be easily solved by a closer examination of the 
condition of the surfaces that are in mutual sliding or roiling 
friction. 

If w’e examine with a powerful magnifying glass any hard 
and carefully polished body, even a steel plate polished until 
it reflects like a mirror, it will be found full of scratches and 
irregularities which have been produced by the polishing 
agent on its surface. In reality, therefore, even the most 
carefully polished body is by no means what it seems to be 
—namely, a perfectly smooth surface—but, on the contrary, 
is covered wuth irregularities, prominences and depressions, 
furrows and elongated scratches. 

If w^e imagine to ourselves two such bodies sliding or roll¬ 
ing over one another without the application of a lubricant, 
we shall find that the prominences on the one catch in the 
depressions in the other, and vice versa, with the result that a 
very considerable expenditure of power will be needed to lift 
the prominences on the one body out of the depressions in 
the other, or to draw them up as it were along an inclined 
plane. The frictional resistance, also, will be much greater, 
owing to the largely increased surface resulting from the 
inequalities. 

With this high frictional resistance is associated still 
another phenomenon: when the speed is increased, the 
prominences on the one body will not always be lifted uni¬ 
formly out of the depressions in the other, but many of them 
will be rubbed off, resulting on the one hand in a great ex¬ 
penditure of power, and on the other in a disproportionately 
rapid wear and tear of the parts in contact. 

It will be easily understood that the frictional resistance 
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a!:4 Wtrar w.n hr jiv-itr-r in miichine parts that are constructed 
^ ! Miuilir material tha:: in those of dissimilar materials, eJj, 
ditn-Froi uirtal-or me*al cnmpjsitions, since similar 
i . .L— rxliihir :.i!iiilar prominences and depressions, 

fitting nin.- ^>nt- am-ther and only separable with difficulty. 

tjii thi-^ aeeount it is the practice in many instances to 
li'rik?' machine parts, intended to slide or roll on one another, 
di'--i!iiikr nmter;als. Thus, for example, it is usual to 
make -hafts of east iron or steeh whilst the bearings in 
wliieli thcv run are of bronze or other hard metal composi¬ 
tion 1 bearing metau, these dissimilar metals wearing away 
k--s rapidly than similar ones. 

W’lth few exceptions, the lubricants introduced between 
iiiaehioe parts in order to diminish their friction are either 
perfectly fluid sub'>tatices or semi-solid bodies of the consis- 
leoey of butter, the^e latter bec.uning fluid under the influ¬ 
ence of the heat generated through friction. We may, 
therefore, take it for granted that the lubricant spreads over 
the surface to be greased, in ilie form of a thick, oily liquid, 
rilling up the depressions in that surface, and therefore 
rendering it smoother than w’ould otherwise be the case. 

It is a well-known property of all liquids that their com¬ 
pressibility is so Slight in fact, that for all practical purposes 
they may be regarded as incompressible. 

If now, one machine part be sliding or roiling on another, 
and a lubricant is in position between them, the result of 
the presence of this fluid substance will be to prevent, either 
wholly or for the most part, the proiniiiences and depressions 
from catching in each other. Hence the friction wuii be di¬ 
minished, to an extent that wdil be greater in proportion as 
the machine parts in contact are harder and more smoothly 
polished, and the more completely the !nl)ricant is fitted for 
its purpose. 

A few luljrieants are known which consist of fine powffier, 
arid rt-mairi in that und^u* all conditions. They act, 

liowrv«-r. in tbf way as lul>rieants which are or 

Wcoiiie liquui, hiiiiig up tiw* ine |iialities in the surfaces to 
which they are applied, thus making them smooth, so that 
the frictional resistance is natuialiy lessened. 


INTHODrCTOET. 


5 


Whatever name a machine lubricant may bear, its pur¬ 
pose is to diminish frictional resistance, and therefore 
materials best calculated to accomplish this purpose must be 
used in the maniifacmre. Soinetimes, however, the formuhe 
advanced for the preparation of so-called improved ’’ lubri¬ 
cants contain ingredients which cannot but increase frictional 
resistance rather than dimmish it. 

That the persons recommending such preparations are on- 
acquainted with physical and chemical laws is evident, a trial 
of such '‘improved’’ lubricants soon proving their value. 

Although at first sight it may seem an easy matter to 
make lubricants suitable for different machines, the problem 
is realij" a ditficuit one when we consider all the conditions 
that a good lubricant is expected to fulfil. 

It is only w'ithin recent years, during w’hich time the use 
of lubricants has greatly extended to keep pace wuth the 
developments in machinery, that the difficulties attending 
the manufacture of lubricants have been properly apprecia¬ 
ted. That complete success has not yet been attained is 
demonstrated by the continued appearance of new^ im¬ 
proved ” recipes, some of wffiich are really the reverse of 
improvements. 

To sum up the properties that a good lubricant should 
possess, the following are essentials :— 

(1) Cheapness, in relation to the cost of the raw materials 
and the cost of production. 

(*2) Uniformity and stability of the product: that is to 
say, each batch of the lubricant must possess the same 
properties, and must not alter appreciably when stored for 
some considerable time. 

(3) Absence of an}- corrosive action on the bearings, i.e, 
the chemical properties of the lubricant must be such that 
it will not corrode, more than inappreciably, the metal parts 
'with which it is brought in contact. In large machines this 
consideration is not so important, though it is essential in 
the case of fine and delicately constructed mechanisms such 
as clocks, sewing machines, scientific instruments, etc. 

(4) Uniform consistency at different temperatures. This 
property is the most important of all in a good lubricant, 
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lull at the same time is the most difficult to obtain. Most 
* ? siih>taiK*es used as lubricants become more fluid as 
lilt- tempiU'atiire rises, and, conversely, thicken as it falls. 

For cvrry lubricant, however, a certain degree of fluidity, 
which lies between somewhat narrow limits, is necessary in 
order that it may properly discharge its functions. If the 
fluidity is insufficient, lubrication will be imperfect, but if too 
crreat/the consumption and waste of material will be exces¬ 
sive, although the lubrication be quite satisfactory. 

The difficulties arising from this cause are so great that 
they cannot be entirely overcome, and in many cases a 
remedv is sought bv using at different seasons lubricants that 
exhibit the proper degree of fluidity at the temperatures then 
prevailing. This is particularly the case with machine parts 
that are exposed to all the fluctuations of temperature inher¬ 
ent to our climate, for example, the axles of carts and 
railway %vaggons. 

Lubricants may be classified in several ways: (1) Accord¬ 
ing to the ingredients of which they are compounded; (2) 
according to their physical character; (3) according to the 
special purposes for which they are intended. 

If we regard iiibricants with reference to the materials of 
which they are composed, i.e. from the chemical point of 
view, we find that they include a very large number of sub¬ 
stances differing considerably in physical and chemical pro¬ 
perties. Since an accurate knowledge of these materials and 
their properties is indispensable to the manufacturer, we 
shall consider them fully later. 

According to their physical condition, lubricants may be 
classed respectively as liquid and solid. It is impossible, 
however, to draw’ a strict line of demarcation between them. 
Some are almost as fluid as water while others, at the 
ordi!i?ny temperature, have about the same consistency as a 
somewhat firm butter. Between these two extremes, how¬ 
ever, we find all intermediate stages of consistency, so that 
It IS often difficult to determine whether a lubricant should 
be classed as a liquid or as a solid. For this reason the 
system of classification on this basis is of little value. 

Again, the purpose for which the lubricants are to be used 
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may be taken as a basis of classification. Thus we speak of 
ordinary cart grease, railway grease, machine oil, engine oil, 
and so on. But even thi'- di'^tiiietion is arbitrary, since it 
often happens that a lubricant made for some special purpose 
can also be used for others. 

On ibis account, therefore, it would seem preferable to 
classify lubricants according to the materials from which the^' 
are compounded, and then subdivide the classes in accordance 
with the objects for which the lubricants are intended. 

Proceeding according to this plan, we may distinguish 
between the following classes:— 

Fatty lubricants, namely, those w^hich consist either of 
a single fat, whether liquid (oil, train oil) or solid (tallow, 
palm oil, etc.g or of a mixture of several fats. 

Chemical lubricants, namely, such as consist of substances 
that are artificially produced in large quantities by certain 
chemical processes, e.g. in the manufacture of coal-gas, the 
refining of petroleum, and various other chemico-technical 
processes. This class includes the so-called mineral oils, the 
tar oils, petroleum jelly, the rosin oils, etc. In a certain 
sense, too, the soaps and emulsions used as lubricants belong 
to this class. 

Mineral lubricants consist simply of certain powdered 
minerals that are characterised by a greasy appearance and 
feel (soapstone or steatite, and graphite or Idacklead), and 
by a very low degree of hardness. 

Until quite recently, the fatty lubricants were used almost 
exclusively, and it was onh" as a consequence of the develop¬ 
ment of the tar and petroleum industries that the mineral 
oils and greases w^ere put on the market in large quantities. 
As w'e shall see later on, these possess, in comparison w'ith 
the fats, such great advantages that they have to a wery 
large extent replaced and will probably eventually displace 
the latter entirely. That this has not ahead}' occurred is due 
on the one hand to the enormous consumption of lubricants, 
and on the other to the fact that it is not yet possible to 
produce chemical lubricants capable of meeting satisfactorily 
ail the requirements they are expected to fulfil, as is done by 
those derived from fats. 



CHAITEli IL 

I>ED IN THE PKEPAIUTION OF LUBEICAXTS, 


fo’i.Hit \Ni'^ ATi* eompostil of animal, vegetable, or 

mineral either Miigiy or in admixture, and also in some 
instances with other prodiiets, f.f/. soaps, steatite, graphite. 

The prxlucts may }:)e diviiled intr? classes according to 
their iTigm as follows:— 

L jHimU Fats Oils. 


S|k?nii uiL 

Whale 
Dolphin ^:^ii 
coL 
oil 

iT>ne uil. 
Bone fat. 


Hoc fat. 

Lard oil. 

Tallow ,l>eefK 
Tiiilow’ uiiutton). 
Tallow oil 
Horse fat. 


II. V^.f^kihh fats and Oils 
liipeseed oil. 

^Iiistanl set?d oil. 
.\lmond oil 
Earthaiii oil 
Tr^fii^d OiO, 


IlL 


I¥„ 


r»!js. 

lojlyiiierised oils 
aydn.^nrhofi Oils, 


Hazelnut oil. 
Olive oil. 

Castor oil. 

Palm oil. 

Sulphoiiated oils. 


Fetrdcriiu siiis. 
fdk. 

^'' ‘Si tar oils. 
Li^rrute oils, 
oils, 

Ceal tar. 


Paraffin. 

Naphthalene. 

Rosin. 

riidiariibber. 

Ci-atta percTia. 

Asphaltuiii. 
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V. Soaps. 

Soda soaps. 
Potash soaps. 
Lime soaps. 

VI. Mineral Substances. 

Graphite. 

Steatite or Talc. 
Soda. 

Lime. 

Mica. 


Alumina soaps. 
Magnesia soaps.-.. 



Sulphur. 
Ammonia. 
Litharge. 
Lead acetate. 


It has already been mentioned that it is specially im¬ 
portant to have a knowledge both of the physical and the 
chemical properties of the materials of which these products 
are compounded. In this way alone will it be possible to 
correctly compound a lubricant, intended to fulfil any special 
task, with the certainty that it will prove satisfactory. 

The Fats and Oils .—It is well known that fats are pro¬ 
ducts of the animal and vegetable kingdoms, and may be 
divided, according to their consistency, into three groups : 
(1) Liquid fats, which are also known as oils. (2) Semi¬ 
solid fats, of the butter or lard type, namely, such as have, 
at the ordinary temperature, a soft consistency. Lard and 
butter, in the animal kingdom, and coconut oil and palm oil, 
from the vegetable kingdom, belong to this group. (3) Solid 
fats, or tallows, which are solid and crumbling at low tem¬ 
peratures, and only become soft when heated. This class in¬ 
cludes beef tallow, deer fat, mutton fat, etc. It is obvious 
that this classification only applies in temperate regions since 
in the tropics semi-solid fats may be fluid, and solid fats 
semi-fluid. 

Since all fats are miscible in any proportions, it is pos¬ 
sible, by suitably blending oils with the semi-solid or solid 
fats, to produce mixtures of any desired consistency and 
melting point. 

Pure fats, to whatever group they may belong, are perfectly 
inodorous, quite insoluble in water, and are completely indiffer¬ 
ent to metals, i.e. have no chemical action thereon. It must 
however be stated that this description applies solely to fats 
that are perfectly pure; and it is also to be remarked that 
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lAA- :;t!- :irr tlial aiv t^liiainaMe . .niy 

.y- ^ hr <l^^Vvd wnii liiViil i!: 4 iV if ihry 

i:. - t I- n:-l-r^-‘ r iv:n likvniihaL 

f;y vtir'h 1 ii.t i-rKpo.srd to tlir Air. ii luarkrd clmii^e 
* - r* -" f,,it br’-AdiU:‘S ihirK^r 111 colour, Es^^uiiics 
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to a group of organic compounds and are very similar to one 
another in composition, being almost entirely constituted of 
the glycerides of fatty acids. 

OH 

Glycerine is a trihydric alcohol G3H5OH and is capable 


of reacting with one, two, or three molecules of a fatty acid 
with the elimination of water, forming mono-, di-, and tri¬ 
glycerides. The mono- and di-glycerides can be prepared 
artificially but are not present in natural fats and oils which 
are composed of tri-glycerides or neutral glycyl esters which 

may be represented by the general formula C3H5 - P in w^hich 

IP 


F represents the radicle of a fatty acid. 

Thus triolein, which is present in many oils, has the 


( Gi8B[83®2 

formula tripalmitin the formula 

[CigH3302 

fCxAA fC^sHssOa 

C3H5- Ci^jHgiOg and tristearin the formula C3H5- the 

two latter being contained in solid fats. 

The fats and oils are, however, composed not of one 
glyceride alone but usually of several glycerides which in 
most cases are so closely associated that it is difficult and 
indeed almost impossible to separate them entirely by 
physical means. It is therefore believed that fats and oils 
are largely composed of “ mixed glycerides ” in which the 
hydrogen atoms in the molecule of glycerine are replaced by 
different fatty acids instead of a single acid. 

Several of these “mixed glycerides” have been isolated 
and examined, and they show very well marked properties so 
that their existence in fats and oils may be assumed to be 
proved.^ 

The most commonly occurring tri-glycerides are the 

following:— 

TrUaurin. This occurs in coconut 

^ For a description of these see Lewkowitsli “ Chemical Technology of 
Oils, Fats and Waxes,” 1913, Vol. I., pp. 30-37. 
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fat and in laurel oil. It is a solid crystalline product meltiug 
at 45 ° C. 

Tripahtiitin. €3115(016113102)3 is the characteristic con¬ 
stituent of palm oil which is composed almost entirely of 
tripalmitin and free palmitic acid. It is also present in 
other solid fats. Palmitic acid crystallises in needles melt¬ 
ing at 65 ° C. 

Tristearin. €3115(018113502)3 is a constituent of many 
solid fats, particularly in tallow. It crystallizes in needles 
having a melting point of 72 ° 0 . 

Triolein. C3H5 (€18113302)3 is present in most non-drying 
oils, also in association with palmitin and stearin, in solid 
fats. Oleic acid is liquid at the ordinary temperature hut 
solidifies at - 4 ° €. 

Trierucin. €3H5(C22H4i02)3 is present in rapeseed oil. 
It is a solid substance melting at 81 ° €. 

Triricinolein. €3115(018113303)3 is the chief constituent 
of castor oil and is liquid. Eicinoleic acid being a hydroxyl- 
ated fatty acid (CigHygOg. OH) triricinolein differs in consti¬ 
tution from all the other natural fats and oils. To this fact 
may be ascribed its peculiar properties, i.e. extremely high 
viscosity and solubility in alcohol. 

Fatty Acids .—Free fatty acids are present to a greater 
or lesser extent in all fats and oils, for instance palm oil may 
contain as much as 80 per cent, of free fatty acids whereas 
lard may not contain more than 1 per cent. The free fatty 
acids are formed either by the action of natural enzymes or 
lipases as they are termed, as in castor oil; by fermentation 
as in olive oil and palm oil; or by the action of bacteria in 
crude fats such as tallow. Rancidity is also due to bacteria 
and oxidation resulting in the production of aldehydes which 
can readily be detected. The remedy for these troubles is to 
thoroughly sterilise the material by heat before the fat or oil 
is extracted. 

Fatty acids are formed by saponifying the fat or oil with 
caustic soda or caustic potash by the aid of heat in which 
case soaps of the alkalies are produced. Thus from olein 
and caustic soda we get sodium oleate and glycerine:— 
€3H5 (€i8H3302)3 + 3 NaHO == 3NaC,8H3302 + €3H5(OH)3. 
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Under proper conditions the whole of the fat will be con¬ 
verted into soap which dissolves in the liquid. On adding 
slight excess of sulphuric acid to this solution the soap is 
decomposed and a precipitate of fatty acids forms which may 
be either liquid or solid according to its melting point. 

The fatty acids which have been obtained from natural 
fats and oils and waxes have been divided into five classes 
according to their composition. These are given in the fol¬ 
lowing tables:— 


1. Saturated Acids of the General Formula, CnHanOg 
{Acetic Series). 



Formula. 

Melting Point. 

Origin. 

Butyric acid . 

Valeric acid 


-6*5° 

Butter fat. 


solid at -18° 

Dolphin and Porpoise 
oils. 

Oaproic acid 

0,,H,,0, 

-8° 

Butter fat. 

Caprylic acid 


16*5° 

Butter, coconut and 
palm-nut oils. 

Oapric a?id 

C,„Ho„0, 

31-3° 

Goat fat, butter. 

Laurie acid 


43‘6° 

Laurel oil. 

Myristic acid 

CuH.^o: 

53*8° 

Nutmeg oil. 

laocetic acid 


55° 

Gurcas oil. 

Palmitic acid . 

c,„a,,o. 

62*0° 

Most fats, palm oil. 

Stearic acid 


69-3° 

Most fats. 

Arachidic acid . 


77° 

Earth-nut oil. 

Behenic acid 


83° 

Oil of ben. 

Liguoceric (carnaubic) acid 


80*5° 

Earth-nut oil. 

Oerotic acid 


77*8° 

Beeswax. 

Melissic acid 


91° 

Beeswax. 


2. Unsaturated Acids {uritli Dotthle Bond) of the General 
Formula, CnH2n-20ii (Oleic Series). 



Formula. 

Melting Point. 

Origin. 

Tiglic acid .... 


64-5° 

Groton oil. 

Hypogoeic acid . 


33-0° 

Earth nut oil. 

Physetoleic acid 


30° 

Sperm oil. 

Oleic acid .... 


6*5° 

Most oils, olive oil. 

Rapic acid .... 

G,,H»A 

— 

Rape oil. 

Doeglic acid 


— 

Arctic sperm oil. 

Jecoleic acid 


— 

God-liver oil. 

Gadoleic acid . 

Oo„H,A 

24-5° 

Cod-liver oil. 

Erucic acid 


33° 

Rape oil. 

Brasaidic acid . 

o.,:;h,;o; 

C5° 

Rape oil. 
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3. Unsahorated Acids {loitli Triple Bo7id) of the General 
For7?mla, CnHon -402 (Linolic Series), 


. 

Formula. 

Melting Point 

Origin. 

; Linolic acid . . . i 

Elseomargaric acid 

1 


Fluid at -18° 

47° 

Linseed oil and other 
drying oils. 

Chinese wood oil. 


4. Acids of the General Formula, CnH2n-603 (Linolenic 

Series). 



Formula. 

Melting Point. 

Origin. 

Linolenic acid , . . | 

Isolinolenic acid 

C,8H,^0, 

— 

Linseed oil. 
Linseed oil. 


5. Hydroxy Acids of the Geiieral Formula, CnHon-^Og. 



Formula. 

Melting Point. 

Origin. 

Ricinoleic acid . 

tji 8 ^ 34^3 

4° 

Castor oil. 


Alcohols. 

The following alcohols are present in fats and waxes in 
combination with fatty acids :— ' 

1. Trivalent Alcohol of the Forimila, CnHon + oOg. 



Formula. 

Melting Point. 

Origin. 

Glycerol (glycerine) . 

CgHgO^ 

20° C. 

In all fats. 


2. Monovalent Alcohols of the Fatty Series tcitJi the 
General Formula, CnH 2 n + 20 . 



Formula. 

Melting Point. 

Origin. 

Cetyl alcohol 


50° C. 

Spermaceti. 

Octodecyl alcohol 

8^.38 

59° C. 1 

Spermaceti. 

Cer} l (iso-ceiyl) alcohol 

^^ 26 ^ 54 ^^ 1 

79° G. 1 

Chinese wax. 

Myricyl (melissyl) alcohol . 

1 

85° C. 

Beeswax. 
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The following alcohols are also present in fats and waxes 
in a free state :— 

8 . Monovalent Aromatic Alcohols {Sterols). 



: Formula. 

1 Melting Point. 

Origin. 

; Cholesterol 

* i 

1 150° 

! 

In all animal fats, 
particularly wool 
fat. 

1 Isocholesterol . 

. 1 

I 137 ° 

In all animal fats, 
particularly wool 
fat. 

1 Phytosterol (Sitosterol) 

.1 

137° 

All vegetable fata. 


The sterols are present only in very small amounts in fats 
and oils, and are found in the unsaponifiable matter which 
in most fats and oils does not usually amount to more than 
1 per cent. Nevertheless these substances are very char¬ 
acteristic so that they serve in analysis as a means of dis- 



Fig. 1.—Fire heated fat renderiug pan. 


tinguishing animal from vegetable oils and also for detecting 
adulteration. The unsaponifiable matter in waxes consists 
of alcohols of the fatty series which are present to the extent 
of about 50 per cent. Sperm oil is a fluid wax and not truly 
an oil seeing that it contains no glycerine. Sperm oil con¬ 
tains 40 to 44 per cent, of unsaponifiable matter consisting 
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of alcohols the composition of which has not yet been deter¬ 
mined. Certain shark-liver oils contain moderately large 
quantities of unsaponifiable matter, consisting of hydrocar¬ 
bons. Both saturated and highly unsaturated hydrocarbons 
have been found in many Japanese shark oils (Tsujimoto). 



Fig. 2.—Boiler for melting tallow under pressure. 

Preparation of Fats and Oils .—The animal fats such as 
tallow and lard are rendered either by fire heat in an open 
pan, Fig. 1, or in a boiler with open steam under pres¬ 
sure, Pig. 2. 

The method of melting by steam is to be preferred, since 
it yields a purer and whiter fat and one without odour. The 
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residue or “ greaves ” are pressed in order to remove as much 
fat as possible. 

Bone fat is obtained either by boiling the bones with water 
under pressure in a pan similar to that shown in Fig. 3 or 
by the solvent extraction process, in which volatile fat solvents 
are employed, e.g. petroleum benzine, carbon bisulphide, or 
carbon tetrachloride. 

For the extraction of vegetable oils the seeds are first 
crushed between rolls and then packed in bags which are 
placed between the plates of a hydraulic press, Fig. 4, in 



Fig. 3.—Digester for extracting fat from bones. 


which very considerable pressure is applied. The oil oozing 
out from the meal passes along gutters at the sides of the 
plates down to a trough through which it passes to the 
storage tanks below. 

Another method of extracting oils from seeds is the solvent 
extraction process. This has come very largely into practice 
in recent years since it extracts almost the whole of the oil 
and therefore gives a much higher yield than can be obtained 
by pressure. In the solvent extraction process the crushed 
seeds are fed into large tanks, which can be closed and in 
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which the material is subjected to the action of a volatile 
solvent, being at the same time heated by steam or the hot 
vapour of the solvent. The liquid containing the fat in 



Fig. 4 —Hydraulic press for oil seeds (Rose, Downs & Thompson, Ltd.). 

solution is run into a boiler, in which the solvent is distilled 
off and, being condensed, is again ready for use, while the 
fat is run out of the boiler to make room for another charge. 
The solvents employed are those which are easily volatilised 
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and which possess no odour, ie. purified petroleum benzine, 
caibon bisalphide, or carbon tetrachloride. 

^ Figs, o and (j show the solvent extraction plant made by 
(reorge Scott A Son, Ltd. 




Wm 




iwasi 




scarf feTCfrr Oiu Extraction FUnt 


■ 


- a-solvent extraction plant (George Scott . Son, Ltd.. London). 

Fmificahon of Oils and J'ata.-The oils and f 
as described are usually more or less imnnt 
tng amounts of containing vary- 

of coloarmg matter m eolutioo, and water. 
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mucilaginous matter, and suspended cellular particles, so that 



Fig. 6. —Solvent extraction plant (George Scott & Son, Ltd., London). 


they require to be refined. The refining processes differ ac¬ 
cording to the nature of the oil and its quality. 


Usuall}^ oils are allowed to stand 
for some time in large iron tanks 
in order that water and suspended 
matters may subside. The separa¬ 
tion of the clear oil is rendered 
easier by having a cone-shaped ar¬ 
rangement, Fig. 7, in the bottom 
of the tank into which the impuri¬ 
ties settle while the clear oil is run 
off from a higher level. 

As this method of purification 
occupies considerable time, in some 
works the oil is immediately put 
through a filter press, Fig. 8, which 
retains the suspended material 
while the clear oil passes through. 
Sometimes Fuller’s oil is added to 
the oil, which helps to separate 
the suspended matter and also re¬ 
duces to some extent the colouring 
matter. 



Solid fats are treated in a simi- Fig. 7.—Settling tank for ciari- 


lar manner, but, in order to keep 


fying oils. 


them fluid, it is necessary that the whole of the plant 
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employed be kept at a temperature somewhat above their 
melting points for which purpose the settling tanks are steam 
jacketed. 

In some cases it is necessary to further purify the oils and 
fats before they can be used. This purification is usually 
carried out by chemical treatment, the agents most often 
employed being sulphuric acid and caustic soda, but in some 
cases, i.e. highly coloured fats, ozone, potassium bichromate 
and sulphuric acid and other oxidising agents are employed. 

The purification is usually carried out in large wooden 
vats lined with sheet lead, these being provided with stirring 
gear, open and closed steam coils and draw-off cocks. In 
treating the oil with sulphuric acid about 2 per cent, of the 



Fig. 8—Filter press for clarifyiDg oils (S. H. Johnson & Co., Ltd.). 

latter on the weight of the oil is employed diluted with an 
equal volume of w’ater, this is stirred into the oil and the 
latter steamed, then washed with hot water till free from 
acid and the last traces of water driven off by using the steam 
coil. The sulphuric acid destroys the mucilaginous and finely 
divided organic matter in the oil but does not affect the free 
fatty acids. For this reason oils refined by the acid process 
are not as a rule suitable for use as lubricants, besides which 
they may contain traces of mineral acid due to insufficient 
washing which would be extremely detrimental to any 
metallic parts to which the oil might be applied. 

The treatment with caustic soda is carried out similarly, 
but in this case sufficient of the alkali is added to more than 
pei^tralise the whole of the free fatty acids, which are therefore 
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dissolved out and pass into the aqueous layer in the form of 
soaps, so that the purified oil is entirely free from fatty acids. 
Oils treated by the alkali process are therefore very well 
suited for use as lubricants, and provided the alkali has all 
been washed out they usually keep good for a very long 
period. The removal of the fatty acids as soaps leads to a 
loss of oil and usually presents another serious drawback, the 
soap solution forming an emulsion with a considerable pro¬ 
portion of the oil which is usually extremely difi&cult to 
break up. This emulsion is, however, removed before 
washing and is used in soap making, or broken with an acid 
and the fatty matter sold as soap stock. 

Refining Oils for Lubricating Pitbposes. 

The Sulphuric Acid Process ,—The ordinary method of 
refining oils is with sulphuric acid. When a crude oil, as it 
issues from the press, is intimately mixed with sulphuric 
acid, a strong reaction is produced, the time taken for this to 
ensue depending on the amount of acid used. 

At first the temperature of the mixture rises considerably, 
and the oil assumes a greenish tinge, the colour of the 
mixture gradually deepening through brownish green to 
brown, and finally to black. 

The cause of this colour change is that the sulphuric acid 
first attacks and destroys the greenish or yellowish colouring 
matter found in most oils, and especially in the rape and 
olive oils frequently used for lubrication. At the same time 
the accompanying cell substance, vegetable mucilage, and 
other foreign matters undergo alteration, being gradually 
decomposed and carb nised by the dehydrating action of the 
sulphuric acid. 

The very finely divided carbon thus produced causes the 
gradual change of colour from brown to black. During the 
operation, which musL be carried on in lead-lined vessels, as 
the acid would corrode other materials, the mixture is con¬ 
stantly stirred, and in many works the reaction is assisted 
by heat. As all chemical processes are accelerated by warmth, 
§o also the destruction of the foreign admixtures in the oil is 
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effected more rapidly the higher the temperature of the oil 
under treatment. 

It is advantageous to heat the oil by passing steam 
through a leaden coil in the vat, thus raising the temperature 
to about 140°-160'’ F. The higher the temperature of the 
oil, the sooner is the refining process over, and the smaller 
the amount of acid required. 

This last factor is a very important one for the manu¬ 
facturer of lubricants, not only on account of the saving of 
acid, but also because it limits the direct action of the 
sulphuric acid on the oil itself. 

The quantity of acid used may rise as high as 3 per cent, 
of the oil to be refined. It is run, in the form of a thin 
stream, into the warmed oil, and an attempt is made to 
secure the most intimate possible admixture of the oil and 
acid, by keeping the stirrers running at high speed. After 
the operation the liquid is left to rest, when it soon separates 
into two layers, the oil, which is much thinner than before 
and is partially bleached, floating on the top, whilst under¬ 
neath it lies the acid, which has become diluted by the 
absorption of water and is coloured a deep black by the 
finely divided carbon in suspension. 

The oil is syphoned off from the acid layer, and is freed 
from accompanying traces of acid by washing. In this opera¬ 
tion it is necessary to pour the oil, as a thin stream, into 
warm water, which is kept in rapid motion by stirrers, the 
oil being afterwards separated from the water and put 
through the same treatment again. By careful and repeated 
washing it is possible to purify the oil to such an extent that 
no trace of free sulphuric acid can be detected by even the 
most delicate chemical tests. 

This, the ordinary practice in oil refineries, yields an oil 
that is perfectly clear, thin, and pale in colour: but it 
possesses one drawback that forms an important obstacle to 
its use for lubrication. Although the sulphuric acid has been 
removed by careful washing, the oil is never neutral, but 
always contains a considerable quantity of free fatty acids 
which would strongly corrode the metallic machine parts. 

This peculiarity is due to a reaction of the sulphuric acid 
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on the constituents of the oil itself. Like most fats, oils 
consist of a compound of glycyl oxide with various fatty 
acids, the most usual of these being stearic, palmitic, and 
oleic acids. 

When a fat or oil is treated with caustic alkalis, caustic 
potash, caustic soda, quicklime, or lead oxide, the glycyl oxide 
combines with water to form glycerine, which is eliminated, 
whilst the fatty acids combine with the base (soda, potash, 
lime, or lead) to furnish the compounds known as soaps. 

When sulphuric acid is brought into contact with fats or 
oils, a process analogous to saponification occurs, which is 
therefore, though erroneously, known as saponification by 
sulphuric acid, more properly as hydrolysis. The oil is de¬ 
composed in such a manner that glycerine separates out, the 
sulphuric acid entering into combination with the oleic acid. 

This compound of sulphuric acid and oleic acid, however, 
is unstable and is readily converted into sulphuric acid and 
oleic acid by the action of a large volume of water. The 
sulphuric acid passes away in the water, but the oleic acid 
dissolves in the oil imparting acid properties to it. Machine 
parts lubricated with such an oil soon reveal traces of the 
chemical action of the fatty acids present. 

Hence, in order to refine oils intended for lubricating 
purposes, another method must be adopted than that which 
is suitable for lamp oils, etc. With this idea in view the 
quantity of sulphuric acid is reduced to a minimum, not 
more than 1 per cent, on the weight of the oil to be purified. 
With such a small quantity of acid the refining process is 
greatly retarded, and must therefore be accelerated by warmth. 
The following method on these lines has always given ex¬ 
cellent results with a minimum quantity of sulphuric acid. 

The freshly pressed oil is placed in a large lead-lined vat, 
fitted with a steam coil and stirrers. By means of high- 
pressure steam the oil is quickly heated to the boiling point 
of water, whereupon the sulphuric acid is run in. The 
stirrers are kept running at good speed for a considerable 
time, until the whole of the liquid has become black. As 
soon as this is noticed, the steam is turned off, but the stirrers 
are kept moving half an hour longer, 
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The dark-coloured liquid is at once transferred to another 
vat, to be washed with water, the mixture of oil and water 
being stirred until all the former is in. This done, the stirring 
is stopped, 'whereupon the liquid separates into two layers, 
the oil floating on the top, whilst the lower one consisting 
of water acidified with sulphuric acid, is of a dark colour, 
owing to finely divided carbon. This w^ashing process is 
repeated, a third treatment being given if necessary, but 
no interval should be allowed between them. 

This short treatment with sulphuric acid, followed by a 
quick separation of the acid and oil by washing, limits the 
action of the acid to the destruction of the foreign matters 
present, without allowdng it to extend to the alteration of the 
oil and consequent formation of oleic acid. As a rule, two 
washings after the acid treatment will suffice to free the oil 
completely from all traces of acid. 

The entire removal of the sulphuric acid-_from the oil is 
also necessary, since this acid has an even more energetic 
action on metals than oleic acid. The freedom of the oil 
from sulphuric acid is detected by shaking up the liquid with 
a little barium chloride solution. If the oil remains unchanged, 
no free sulphuric acid is present; but if it becomes opalescent 
or assumes a whitish tinge, this is a proof that the oil con¬ 
tains sufficient free sulphuric acid to act injuriously on the 
metal of any machine it may be used to lubricate. ’ In order 
to make quite sure, however, the barium chloride solution 
should have first received an addition of a few drops of 
hydrochloric acid, this being necessary to prevent the pre¬ 
cipitation of any other barium salt which might be mistaken 
for the sulphate. 

In addition to the sulphuric acid method of refining, which 
though somewhat troublesome is still the best, various others 
have been proposed. Of these, attention is best merited by 
those in which the crude oil is treated with a solution of 
tannin, with caustic soda or with zinc oxide or magnesia 
and litharge. 

liefining loitli Tannin .—In this method the oil is heated 
to the boiling point of water, and intimately mixed, by 
stirring with about 5 per cent, of a strong solution of tannin. 
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This solution is prepared by boiling fresh oak bark with its 
own weight of water for half an hour, and straining the 
decoction through a fine cloth. 

Though the tannin partially precipitates the foreign sub¬ 
stances present in the oil, it does not effect complete separa¬ 
tion of the whole, the colouring matter of the oil, for instance, 
being left unchanged, so that the refined oil is always dark 
coloured, which lowers its value from a commercial point of 
view. 

Befining laith Caustic Soda .—The method of refining oil 
with caustic soda is based on the principle that very strong 
soda lye, when brought into contact with oil for a short time 
only, completely destroys the foreign impurities while at the 
same time not attacking the oil to any appreciable extent. 

The oil to be refined is placed in a large pan, and after 
being heated to the boiling point of water, is treated with an 
addition of 2-3^ per cent, (at most) of highly concentrated 
caustic soda lye, with constant stirring. 

Within a short time the liquid becomes very turbid, 
frothing considerably and throwing up a flocculent scum, 
which, however, soon falls to the bottom, leaving the clear 
oil floating on the surface. 

Since the mucilaginous matters are partly dissolved in 
the lye and partly coagulated, in a form resembling coagu¬ 
lated albumin, they are easily separated from the refined oil. 

The best way of effecting this separation is by means of 
a flannel filter, the rough side of which is turned inwards. 
In this way the oil is quickly obtained as a clear liquid. 

In this method also, which is most frequently employed 
■for refining rape oil, the minimum quantity of the refining 
agent (caustic soda) should be used, since a large quantity 
would entail an excessive waste of oil. 

Thus, if more of the soda be used than is necessary for 
eliminating the foreign impurities, the alkali will act directly 
on the oil converting a portion of it into soap, which remains 
in solution in the liquid separated from the oil. This is 
not of material importance in the case of oil refineries con¬ 
nected with soapworks or those able to dispose of the spent 
lye to a soap boiler, since in such event the soap solution 
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can be utilised ; otherwise the losses in refining will be found 
extremely high. 

It is impossible to make a definite statement as to the 
smallest quantity of lye that will suffice for a given oil, since 
this depends on the amount of impurities present. Oil 
coming fresh from the press, especially from a powerful 
hydraulic press, will naturally contain a larger proportion of 
foreign substances than that which has been obtained by 
moderate pressure and then stored for some time, so that in 
the former case a larger quantity of soda will be needed than 
in the latter. The only way of ascertaining the minimum 
is by practical experience, making trials with small quantities 
of the oil to be refined. 

The advantages of the caustic soda method are not un¬ 
important, the operation proceeding quickly and satisfactorily, 
and yielding an absolutely acid-free product, every trace of 
free fatty acid being eliminated by the alkali. 

Provided the operation be performed in a wooden vat 
heated by steam, or in a clean iron pan if steam is not avail¬ 
able, the oil will not darken in colour. On the other hand, 
copper pans should be avoided, the metal being attacked by 
the alkali, the oil being coloured green by the dissolved 
copper. 

Caustic potash may be used in place of caustic soda, with 
the same result but is not often employed since it is much 
dearer, the solid commercial caustic being used. The best 
way to prepare the highly concentrated lye is by placing 
the lumps of caustic soda in an iron vessel, and covering 
them with an equal weight of water. Solution takes place 
very quickly, the liquid becoming very hot. Owing to the 
corrosive action of these highly concentrated lyeh, they re¬ 
quire very careful handling, since a drop falling on the skin 
will lead to soreness, as it has a destructive action. 

The sole objection that can be urged against the method 
of refining with caustic soda is that the oil is not bleached, 
but retains its original colour, and in some cases may even 
become darker, especially when the proportion of caustic lye 
is large. 

Although the colour of a lubricating oil has no influence 
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on its lubricating properties, it is none the desirable to .-"O 

obtain it with as light a colour as possible, siuCi 5 ^-this.^..in^--'‘"'"'^ 
conjunction with brightness, is regarded by’ the con&uSier 
(and not altogether without reason) as an indication of careful 
refining. 

In this connection the sulphuric acid method, when 
properly carried out, is highly serviceable, furnishing a pro¬ 
duct of exceptional quality. Other methods have been pro¬ 
posed with the same object in view, but with only partial 
success. 

After numerous experiments in this direction, the author 
has ascertained that two methods are really useful, but fur¬ 
nish dissimilar products. These are the methods employing 
either zinc oxide or litharge. 

Befining with Zinc 0:dde .—In this method, which is 
chiefly employed for rape oil, the crude oil is first treated, 
as already described, with a very small quantity of sulphuric 
acid. The oil becomes dark coloured, passing from brown 
into black, separates from the acid, and is repeatedly washed 
with hot water, until it ceases to give a precipitate with 
barium chloride. 

As already mentioned, in this treatment the action of the 
acid on the oil results in the formation of a compound of 
sulphuric and oleic acids, which is decomposed into these 
constituents again when treated with a large volume of 
water. Consequently the refined oil invariably contains a 
certain quantity of free oleic acid, which would strongly 
corrode the machine parts ; and to remove this oleic acid 
advantage is taken of the property of zinc oxide of combining 
with the acid in question to form an insoluble compound, 
zinc oleate. 

Zinc oxide is obtainable at a low price in commerce as 
zinc oxide white, a heavy white pigment. The quantity re¬ 
quired for the purpose in view is 1 per cent, of the weight of 
the oil under treatment. To ensure the most complete 
diffusion of the zinc oxide through the oil, the former is first 
stirred up with three to four times its own weight of the oil, 
until a white, milky fluid is obtained, which is then run into 
the bulk of the oil, with constant stirring. 
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After remaining at rest for several hours, the greater por¬ 
tion of the unaltered zinc oxide and the zinc oleate will have 
sunk to the bottom, but as it would take too long to wait for 
complete clarification, the oil is filtered. 

It has also been proposed to place the oil in a vessel con¬ 
taining zinc turnings or scraps. True, these soon become 
coated with a white film of zinc oleate, and the oil is puri¬ 
fied ; but it is very difficult to obtain a clean surface on the 
metal again, to fit it for treating the next charge of oil, and 
therefore the treatment of the raw oil with zinc oxide is 
preferable. 

When the operation has been carefully performed the oil 
refined by the zinc white process possesses, in a high degree, 
all the necessary properties of a good lubricating oil; it is 
very pale in colour, and can be obtained almost colourless, if 
the oil w^as originally pale ; it is also inactive towards metals, 
and will not become acid, even after prolonged standing in 
the air. Being comparatively fluid it is very suitable for 
oiling fine machine parts, since it does not thicken wffien the 
machine is left unused for some time. 

To obtain a suitable lubricant for coarser machines, the 
rape oil must be mixed with tallow, palm oil, or some other 
fat capable of rendering it less fluid. 

Magnesia or oxide of magnesium can be used for refining 
in place of zinc oxide, the process of treatment being exactly 
as described above. Oils refined by this process are particu¬ 
larly suitable for lubricating watches, clocks and very light 
machinery. 

Befining with Litharge .—When lead oxide is used for 
refining, the method adopted is, in principle, precisely the 
•same as with zinc oxide. There is, however, some difference 
in the behaviour of the two oxides, the resulting lead oleate 
being less easily separated than the zinc compound, since 
it remains dissolved in the oil. The latter, it is true, is per¬ 
fectly free from any trace of free acid, but is rendered more 
viscous by the presence of the lead oleate; and in fact, if 
more than the necessary amount of lead oxide be used, and 
the reaction be assisted by heat, the oil may thicken to the 
consistency of lard or soft butter. This change is usually 
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observed when the oil contains to 3 per cent, of lead 
oxide. 

The soft mass formed by treating rape oil wifti litharge in 
this way makes excellent lubricants, which are specially 
prepared for certain purposes. 

Colza oil (Fr. Huile de Colza; Ger. Kohlsaatoel) is refined 
in the same way as rape oil; in fact these two oils are very 
similar in their properties, though they can be readily dis- 
tingaished by an expert. 

Some considerable confusion exists in commerce respecting 
the nomenclature of rape and allied oils. One kind, known 
as Eubsen oil, is obtained from the seeds of Brassica napobras- 
sica ; whilst a second grade, rape oil proper, is derived from 
the seeds of winter or summer rape, the respective plants 
being Brassica napus oleracea and Brassica napus praecox. 
Colza oil is from the seeds of Brassica compestris. 

Befinijig Olive Oil and Bape Oil, —Since petroleum has 
displaced nearly all the fatty oils for lighting purposes, olive 
oil is obtainable at prices enabling it to be used for lubri¬ 
cation. 

The process of refining this oil is exactly the same as that 
already described for rape oil. The sulphuric acid method is 
the one generally adopted, followed by an extremely careful 
washing with water, hot at first, and afterwards at the 
ordinary temperature. The zinc oxide or litharge treatment 
is less often practised. It would seem that the combination 
of the oleic acid and glycerine is more stable in the case of 
olive oil than in rape oil; at least this conclusion is deducible 
from the fact that, when small quantities of sulphuric acid 
are used with a neutral oil the oil is thoroughly refined 
without any detectable traces of free oleic acid being formed. 

Olive oil is also often used for lubricating the finest and 
most delicate machinery, for example as a clockmaker’s oil, 
and for this purpose it is usually desired to be perfectly 
colourless. The sulphuric acid method of refining, however, 
yields a product that is coloured golden yellow at least, just 
like the best quality oil for culinary purposes, the colouring 
matter of the oil resisting the action of the acid almost 
completely. 
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Nevertheless, it is not difficult to obtain even the common 
qualities of olive oil in a perfectly colourless condition; for 
though the colouring matter resists the action of chemical 
reagents, it can be completely destroyed by protracted ex¬ 
posure to light, especially direct sunlight, so that the oil can 
be obtained as a perfectly water-white liquid. 

The bleaching of olive oil, which is only necessary in case 
it is to be used for the finest lubricants, can be effected by 
keeping it in vessels of clear white glass, that are tightly 
closed and set in a sunny place. The smaller the bottles, 
the shorter the time required for complete bleaching. 

Olive oil is in every respect an excellent lubricant. When 
properly refined it will keep for several years before com¬ 
mencing to thicken. (It may be remarked here that the 
technical name for this thickening of lubricating oils, namely, 
‘"resinification,” is erroneous, the formation of resin occurring 
solely in the case of ethereal oils.) Olive oil possesses the ad¬ 
ditional valuable property that when of good quality it con¬ 
tains very little free oleic acid, and that the mucilaginous 
impurities present are readily destroyed by refining. 

Any fine, non-drying oil can be used as a lubricant pro¬ 
vided the price is not prohibitive. Manufacturers should 
endeavour, in their own interests, to ascertain whether other 
oils, in addition to those already mentioned, can be utilised 
for this same purpose on an extended scale. Ground-nut oil, 
or arachis oil, clearly exhibits the properties of an excellent 
lubricant, and is also obtainable in commerce at relatively 
low prices ; but though it has been used for this purpose, its 
application has not been on any large scale. 

The same properties are also possessed by sesamum oil and 
beechnut oil. The latter, for instance, could be produced in 
very large quantities in Germany, where the beech is one of 
the chief forest trees. The author desires particularly to 
direct the attention of lubricating oil manufacturers to the oil 
obtained from beechnuts in the ordinary manner, since his 
own experiments, conducted on an extensive scale, show this 
oil to be admirably adapted for the purpose ; and the raw 
material, beechnuts, could be readily obtainable in large 
quantities. 
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Properties of the Fats and Oils. 

I. Solid Fats .—Strictly speaking, the solid fats may be 
divided into two groups: the firmer kinds, or tallows, dis¬ 
tinguished by a certain degree of hardness and high melting 
point; and the softer, butter-like fats, or lards, including 
also certain vegetable fats, which, though solid at ordinary 
temperature, are nevertheless usually referred to as oils. 
Examples of these last named are coconut oil and palm oil. 

Tallow is the friable fat more particularly found in the 
carcases of ruminating animals. There are two chief com¬ 
mercial varieties: beef tallow and mutton tallow’. The 
characteristic feature of tallowy its friability, decreases in 
proportion as other fats are mixed with it; and, to the expert, 
this friability of tallow affords a good criterion of purity. 
The purification of crude tallow is now pursued on a large 
scale in several factories, large quantities of the raw material 
being also shipped of late years from South America (beef 
tallow’) and Australia (mutton tallow). 

Tallow has about the highest melting point of any animal 
fat. It is impossible to give exact figures of the melting point 
of the tallows, since this value alters during storage, the older 
the tallow the higher the melting point as a rule. Some 
tallows melt at 42° C. (108° F.), whilst others do not become 
fluid below 60° C. (122° F.). 

The specific gravity of tallow varies from 0*943 to 0*952 at 
15° C., saponification value 193 to 200, and iodine value 35*4 
to 47*5. 

Moreover,'the melting point of tallow can be raised by 
separating the more fluid portion. When pure tallow is 
melted and the resulting liquid is stirred until it sets again, a 
translucent mass is obtained which, when subjected to heavy 
pressure, exudes a certain quantity of an oily mass know’n as 
tallow oil, leaving a more solid fat known as beef stearin be¬ 
hind. The oil is used either in soapmaking or in the manu¬ 
facture of liquid lubricants. This method of raising the 
melting point of tallow may be advantageously employed for 
the preparation of solid lubricants for use in very hot locali¬ 
ties— e.g. in the tropics. 
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Tallow in fre({iuuitly UH<‘ti in tin* |in‘|iaraiitiii uf luliricantH 
that arc miiiirod to nnuain nnlid n1 Iht* nriiinarv t<*ni|u‘ra.ti}r(‘: 
and it is oficni addial to ctmipinuid liihrifiudH with ihi* uhjiH*!, 
of raisin^^ ihoir iindtin^ |)(nut. MiudfVatly, tlna’fd’nrt^ iln* 
tallow with tlui highest nielting pnini will he lh«* inu^t umdul 
grade for tlio niaiuifaeturer td luhriraaf.n 

The higlun' tlu^ melting iHnnt i»f tin* tuJInu , fin* anniller tin* 
quantity muuhul to impart the df.HU‘i*d inei‘ra. t*d euiisiMtfin'V 
to a Inhricaint, and on this afceiuit, tallow freed froni tallow 
oil is r(‘Commt‘nde(l. 

In the form in whie.h it eomes from tin* Imtcdior, tallow in 
unsuitable for tlummumfatd.uiHt of lul)rioantH : if nund linit he 
put through a special priHums of purilieat ion, in e»rdor to free 
it from the accompanying eeihrlar tissue, lilood ami serapH of 
flesh. Ah already numtiomsl, iht‘ punfmation of larg;e quan¬ 
tities of crude tallow forms a la'amdi of indu drv. that of tla? 
tallow moIt(‘.r; but tlauiperation ean also h<* perfortmsl easily 
on a smaller scale hy anyom*. 

There are several imdhods of earryitig out flu* jHirifying 
process, tlie simplest las’nglhat known as ** renderinit 'hhin 
consists in cutting up the tallow into Hiiiall Imnps and tnelting 
these, along with w'ahu*, in a jiam over aai opeai lire. c»r hotter 
still hystenun. ^Pln^ skin ami <ither impuritieh aeeonipanying 
the tallow, colkud on tlie surfata* of the molten luasH in the 
form of “greaves/’ which an* ttien skimnaal off and the 
purified fat left to scd. hard, ’rhou*»h ihia rendering proeenH 
is a very simple one, it fiirnisln^H mdy a relatively low yield 
of tallow, not more than pin* eent., even when the 

greaves are tlioroughly proHseik 

A larger yield is obtained hy melting the tallow along with 
dilute sulphuric fua'd, 1 part of this aedd ami water being 
taken to each 100 parts of talltuv. Ihnler ihtMauiibiited 
fluence of the acid a.fid h(‘at, all the partieles of Hkin, ett^, 
are dissolved in a few hours, thus [mrifying the tallow, The 
latter is obtained in a ptirhndly purt* lumdition hy afterwards 
rcmelting it with water. O’lu* imdting munt lie perforimal in 
lead-lined woodmi vats, hy steam hea,t, siiiee iron or copper 
vessels would be atTecttHl by the aeJd. 

Another very useful nudJiod of purifying tallow ih witJi the 



SUBSTANCES USED IN TPIE PBEPARATION OF LUBRICANTS. 35 

aid of caustic soda. Three thousand parts of tallow are melted 
along with 2000 parts of water containing 5 parts of caustic 
soda in solution. Since the soda possesses the property of 
combining with the free fatty acids, to form soaps, this method 
is particularly applicable when the tallow is very old and 
rancid. Moreover, this method, which in addition is the 
cheapest of all, has the advantage of entirely freeing the fat 
from acids. 

Unless the manufacture of lubricants is carried out on a 
very large scale, it is preferable to buy the tallow from a re¬ 
finer, though, for experimental purposes, it may become neces¬ 
sary to undertake the purifying process oneself. In this case 
it is best to employ the caustic soda method, since this fur¬ 
nishes practically no malodorous compounds. The lye and fat 
are heated together in a clean iron pot or an enamelled pan, 
the liquids being kept mixed by constant stirring. At the 
end of a few hours all the solid matters will have dissolved 
and the fat and lye then form a milky emulsion, from which 
the former will separate out on standing, and will float, as a 
clear liquid, on the surface of the lye. When perfectly cold, 
the purified fat can be taken off from the lye, in the form of 
a white, inodorous cake. Other fats can be purified in exactly 
the same manner. 

Hog Fat ,—Hog fat is the fat of the pig rendered in a 
similar way to tallow. The finest fat is rendered into lard, 
the waste and scrapings being separately treated yields an 
inferior fat suitable for lubricants and for the manufacture 
of soap. Hog fat produced from old materials may contain 
a large amount of free fatty acids which would not affect its 
use for greases but for blending purposes, i.e, in cylinder oils 
this would be highly detrimental. Hog fat is a white, grey¬ 
ish or yellowish fat of a very soft consistency. It has a 
specific gravity of 0'931 to 0*938 at 15° C., saponification value 
195 to 196, iodine value 50 to 70, and melting point 36° to 
46° C. Crude hog fat can be refined by treatment with a 
weak caustic soda solution and then forms an excellent lubri¬ 
cating material. 

Bone Fat ,—In large towns where considerable quantities 
of fresh bones are always available, the practice of utilising 
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these in the preparation of lubricants is highly (l<*Hii*a.blc, 
since they furnish a product ahnost (^tpial to lu^atslnoi oil jit 
a very low price. ri^<*.ov(U’y o( luit from tlu‘ bmu's dot's 

not materially al'lect tluu'r vahu^ for the substupumt pn^para.™ 
tion of gliKi or hoiu'. bla,c.k. 

Fresli homMat c.onsists of s(‘.V(‘ral individual fa.(s, two of 
whicli can be rea.dily diriere.ntia,ttul, luum^ly, a fa^t tlia,t solidi ■ 
lies somewhat ('.asily, and oiu'. that nanains litpiid (‘Vtni a.t low 
t(anperatiir(^s. 'Plu'. laibn* is tluMionstitiumt known a.s bone 
oil, and is the more iin])ortant for tlit^ |)ro(lu<d.ion of lubri 
cants. 

ddie author lia.s found tlu^ followin^M.o bi^ t lu' btadi nn‘tbo(l 
of preparing pure boiu^. fat. ddie fix^sb bonces a,r<‘. phnu'd in 
a pan and (u>vered with water, vvdu(di is tium raised to tlu^ 
boiling point V(T*y slowly, boiling ladng c.oniimuul for st'Vtu'al 
hours and tbci ma.ss aftcu’wards l(d‘t to (a)oL At llu‘ end of 
five or six hours tlie hone fa.t will ha.V(‘ colltad.etl on tlu^ sur* 
face, and can he skimmed olT, into an (nirthimwa,re va.t. 

The crude fat from perhadJy frt'sh boiu's is tudindy fna* 
from odour; hut only small (puuitititts of this gra<d(* aremd)- 
tainable, since, (wcui in larger towns, l)utcdu'r’s bnncH lmv<^ 
often suflenul deterioration, (^sptuu’aJly in hot weather, lo 
such an exkuit that tlu^ organic mattt'.r is partly decoinpttHed. 
It is tlnu’efore advisable to sul)mit tlu^ fat to a. ndining pro¬ 
cess, to destroy both tlu', malodorous substance's a.nd the 
yellow-brown colouring matUu’ mixcul with thc^ fa-t, 

ddie host purifying agent is nitro-bydroeddoric*. aeid or 
aqua regia, prciparcid by shaking up a. mixtures of I part by 
voluuuiof nitric a(d(l a.ud4 ])artH of crude' bydroe.ldoric acid in 
a glass v(iss(d—a uutal vessed will not do until the mixture* 
has assunuHl a rceldish-ycdlow e-olour a.nd giv(*H off a pene¬ 
trating smell resembling cldorintx Wluai tlie^se two a.cids 
are brought into eontact, elilorine^ is soon !il)era.ied ; and this 
suhstance has a powerfully de'.strue.iive. ac.tion on colouring 
matters and odoriferous substamu^s. 

No larger quantity of aepia regia sliould bt^ pre'pariul tluui 
may be needed, since tlie activity ed’ tlu^ reaigemt is diminisluel 
l:)y longer storage. 

To bleach the crude bone fat with this reaigemi it is i re*attsl 


SlIBS'l'ANCl'lS vm\) IN TIfKi PlIKPAHATlON OV IViniUK'AN'I’S. 8? 

with 1 to l-i poi' (Uint. of tlio, lati(U' io an nartlicuwarc*. vat, tluj 
two b(un^^ wi^ll itiixtul by prolon^^i'd Htirring. ^riio (]uaiitityol! 
miiia r(‘.^n‘a r(M|uir(i(l in (b^pciulaTit oii the colour and Biuell of 
tlui fat ; tlu^ (la,rker and more evil smelliiif^ tlu'. latter, the 
more of tlie. acid mixtur(‘, is luajessary. The fat and acid 
are ntirrcul in contaedi for scwcinil hours, to render the chemical 
reaction as coin])l(die as possible. 

Wlum the bhiaebing is completed, warm water is run in 
aiud tlu^ aic.id is c,arefully drawn off through a tap at the 
bottom of tlu5 vn.t, taking care that no tat escapes along with 
it. Tluj fat is again mixed witli warm water, which is stirred 
up and drawn oil'; and this washing is repeated until tlie 
last trac(‘. of Jic.id has Ixuni rcnnovcxl. 

hroptirly l)lt'.a(di(xl fat from fn^sh l)on.es is nearly colourless 
and inodorous, fr(‘.e from acid, nudts readily, and forms a 
lubricant (dos(dy r(^s<nn})ling pure l)one oil in (piality. 

Usually, however, the boiu'-s available for making bone fat 
are v(vry staler, tln^ organic mathu’ bcung already in an 
advaiKMul stage of piitiad'action, a,nd tlu^ fat also more or less 
de(x:)mpoS(Ml. d’o us(s such bomm successfully for the prepara¬ 
tion of luhricaiting oils, ilui metliod described above must be 
sonu^what modilic'd. 

In this casti ih(5 boru^s airo boiled, as already described, with 
w'atcir, furtushing a strong simdling brown fat, consisting 
partly of fiaju ok^ie aedd. ddiis fat is ladled into wooden vats, 
whore it is kvft to stand for sevcnul days. As it slowly cnols, 
a granular, gix^yish-wliihi fat separadx^s out, leaving an (wil- 
smelling brown oil lloatiiig on tlui surfatu^. The solid ])orti()n 
is us(xl for nmking (Joinmou soaps, whilst th(‘. litjuid portion 
serves for tlu^ preparation of luhricaiits. 

''riiis licjuid })ortion is trt'-ated witli nitro-hydrocldoric acid 
as alrcuidy dt'seribed, tlxux'-by becoming bleached and purilied. 
The oldtif thohouc'.H, tlui greater the amount of acid necessary 
to reinov(^ the simdl and c.olour of the oil, l)Mt the exact 
quantity c-an only Ix'. d(^t(u’minod by direct experiment in 
each casi^. (irtait cairc should ho exorcised in using larger 
(pianlities than thosc^ stated and aftcu' the first 1 per cent, of 
acid is in, any furth(‘,r addition should not exceed } pen: cent, 
at a time. 
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The. hlcaclied auJ (IcuxUnised hone fat still eoid4u”n.s a laret; 
proportion of tree oleic acid fornuul hy iht^ d(H*.oaiptwiiion of 
the fat during the storage of tlu^ hon(‘s wliicdi nuisi lie? r(‘" 
moved before the fat can l)e uscul as a liihrittaint. 

^JTiis is best effected by treatinnnt with alxuit 10 ptu* cumt. 
of caustic lime, slakcal just befort‘. use, tlu'. rt‘Hulting milk of 
lime l)eing stirrcal up with the fat and kdt to scvttl(\ In tlus 
manner the oleic acid is entirely rtsnovtul by tin* Iinn% 1<1 h 4 
neutral fat s(‘,])arating out. 

Tjxpcriinents ])erforined by tlu^ author liavt^ a.lso sliown 
that the oleic acid caiu be tdiminaied hy nuians of lithargn, 
especially when the fat has be(m pnwionsly wa.rm(‘d. 'riu^ 
resulting lead ok‘.at(5 rcuiaiiis mixcul with iln^ fat, (‘onverting 
it into a mass with the consistency of strong Halv(‘, highly 
suitable for axle grcjase. 

Bone fat is obtaim‘.d from tlu^ bon(‘S of any animals, usu¬ 
ally those of oxen and sluu^p. O’lu^ hoiu^s an^. e.ruslu*d and 
digested witli water uiubu: pressun^ when 11 h‘ g(‘bUin dis¬ 
solves and the hone*, fat risers to tlu^ surface fnuu which it is 
skimmed. It is obtained mostly from glui^ and animal (dnir- 
coal factories. Hone fat is also ohtaJiuul hy tnaiting tin* 
crashed hones with volatile solvcmts in sptaual dc^grtaising 
plants. In this cas(‘. the hone fat is (^xiracjitul alone a.nd is 
easily refined. Bone fat is usually yc^Ilowish or ycdlowisli 
brown in colour and of a soft c-onsistcncy; that ohtaimal 
from fresh bones is ([uite sw(5et, but the fat from (bajomptmtal 
bones has a disagreeable odour and a vc^ry da,rk c.(donr. Jle- 
ing obtainable at a comparatively low prictg it is well ada.pt(‘d 
for making cart greascB and other low (dass lubrieantH; but 
wlien refincid by treating it with soda and filtering ttirough 
animal charcoal to eliminate the dark c.()lour and unplt^asaut 
smell it may even bo used for lubri(tating fine machinery, 
clocks, sewing machines, cycles, elcj. '“I’he specific gravity of 
bone fat is 0*914 to 0*91() at 1.5'* (1, Bap()nifK‘4itiuH value lUl to 
195, iodine value 4f) to 50, and melting point 21“ to 22“ Ck 
The free fatty acids in impurificd hone fat range', up to an 
much as 2() per cent. 

Horse Fat is obtained from the fatty portiouH of the* 
horse being obtained mostly from the knacsker’s ” yard. I i 
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iH a Holt whitci or ycillowiRli fat melting at 20” to 80® C., 
Kpocifio gnivity at 15'' C. O’OIG to 0*922, saponification Yaliic 
195 to 197, and iodine value 71 to 8(5. llorso fat is v(uy 
similar in its |)r()jHvrti(m to bone fat and may bo used for 
the sanu^ purposes; it has, bowevcu*, a slight tendency to 
thicluui on t^xposurc^, although not suriicient to affect its use 
for tlie pr(‘paration of greases. 

.Palm Oil is obtairual from the fruit of the African oil 
palm {FPair.s /yve/Mc/ovis*), '^.rhe geruiral method of preparing 
the oil as carried on l)y tlui natives is to pile up the fruits in 
a larger pit dug in tlie ground and to allow them to ferment 
when the oil is expressed by girls stamping it out with their 
f(‘et. Tho modern nudhod of (extraction is with the hydraulic 
press, tho fruit being (’omparatively frcish. d^he oils obtained 
by thcHti tw*o nuvthods dilTer vcvry cnnsidcu-ably, the fresh oil 
being mue.h softcu* than that produced by the native method 
and containing a much smaller proportion of free fatty acids. 
Owing to tluvir higlier content of glycerine the soft oils fetch 
a higluvr |)ri(!(i. When fresh, palm oil has the consistency 
of hutt(*r, a bright y(dlow to orange colour and an agreeable 
odour; hut old palm oil is firnuu*, friable, darker in colour 
and has a disagreeahh^ smcdl. 

In ihcmmimiraicluiro of lubricants it is highly important 
to know whotiluvr a given sample of palm is fresh or stale; 
since tlu'.re is a great diflennKm in the imdting points of the 
two, fresh t)alin oil imdting at 27” C. (80*5” h\) while old or 
acid oil docis not melt hedow dO” 0. (104” lib). 

Ih)r th(‘ majority of lul)ricants, natural palm oil can be 
used, whicdi imparts its characteristic yellow colour to the 
mass. If, howewor, tlu*. cjolour is undesirable the oil must be 
bleacluuh 

This optvratiou can be carried out in a simple manner by 
melting tlu'. oil as (|uickly as possible, them heating it to 
210” (]. (4(54” hb) and maintaining it at that temperature for a 
(luartcr of aai liour. Lt may also be bleached by treating lOOO 
parts of tlu^ me.ltcul fat with J. to 1| parts of potassium bichro¬ 
mate and an equal (piantity of sulphuric acid. The entire 
mass turns green at first, a green liquid afterwards settling 
down and leaving tlu^. bk^acbed palm oil floating on the surface. 
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ralni oil varies in consistency from that of hiiticr to tha.t 
oi: tallow ; it has a spcciti(* «j;’ravity oi U*0‘JI to n Dii*! al lo < 
saponihGatioa value ior) to 1^05, ami ioiiim^ value oM to 57, 
The free fatty aeads ani usually hi^'h, soim‘tim(‘S oxtra- 
ordiiuirily hi^'h, vjyyin^’ from 7 to "M) per (uait. ui the sntt oilw 
and 60 to HO p(u- cent iji tlu^ hard oils. I'aJni oil is eoinptwcMl 
of palmitin and oUa'n with mort' or less fi’e<‘ pa.ltniti<‘ and 
oleic acids. 

II. Liquid Fats or Oi/s.- The liquid fats aix^ siudi n-s are 
fluid at the ordinary tenipmaitiin^, tliou^^'h tlu‘ majority 
them set wlieii th(‘. ttuiqxu’aturt'. is lowmaul. In matiy east^H 
the solidification is only partial wlusi th(‘ Itmipt'raiure is 
moderately low, but wlum ^nanit et)ld is applitsl, all the liquid 
fats become solid. 

As lubricants, the liquid fats aa:e mon*, particularly Huita.bhj 
for machines that are desired to run a.t high spcHids or that 
contain delicate parts. Wliilst the fats solid at tdie ordinary 
temperature are host adapted for gnaising wa,ggt)nK, the 
liquid fats are admirably suited fortius i)rtq)aratiou of nuudiiiie 
oils. 

Liquid fats of animal origin are ofUm known as train 
oils, whilst thoHCi belonging to the V(*getahle. kingdom an^ 
sold under their individual uam(‘.H. 

Siumn (HI .—Kponu oil is the oily produe.t obtained frmn 
the head cavity and also the body blubber of tht‘ Hperm 
whale {Physetrr maarocephalus). It (*.ontains mon^ or less 
spermaceti, a solid white waxy product whic.h is also soiut^ 
times found in the solid states, in tlui htnid. AfUu* (‘xtraetion, 
which is done by pressuro or by luuit, tlu^ oil is c*oolc‘d to a 
temperature of 82" L. and is k(q)t at that itunpt*raturts fen* 
several days when it forms a Hcmi»soli(l fat which is prt*,sHed 
in a hydraulic press yielding a (luid oil known as “ winter'* 
sperm oil, whicli remains fluid at that tmupiaatun^, and a solid 
fat which is pressed at a higher itinquiraiurti yielding a small 
quantity of oil known as “ spring Bpt*rm oil pre.SH 

cakes consist of crude spermaceti whicli is HubscHpumtly 
purified. Sperm oil is pale yellow to slightly brownisli in 
colour, clear, and with a fishy odour. The spcjcrfic gravity 
is 0‘880 at 15'’ C. ; saponification value 128*4 to 147*4 ; iodine 


^^dBSTANGES tISEI) IN THE PBEPABATION OE LtTJHHCANTS. 41 

v-alue 70 to 93, the percentage of fatty acids (30 to (34, and 
tjhe amount of alcohols 39 to 41. Sperm oil is not an oil in 
the true sense of the word, since it yields practically no 
g-lycerine on saponification. It consists of a combination of 
<xlcohoIs and fatty acids the constitution of which is unknown. 
Sperm oil is one of the best oils for lubricating light machinery 
a.nd is especially valuable owing to the fact that it shows no 
tendency to gum ” on exposure. 

Whale Oils. —The whale oils or train oils are obtained 
f JGom many species of whales, the Greenland or Eight whale 
(i^alaena mysticetus), the Sulphur-bottom whale {Balae- 
'^'hoptera sihlaldi), the Humpback whale {Megaptera longi- 
the Fin-back whale {Balaenoptera borealis), the 
3Bottlenose whale (Ryperodon rostrahmi), and others. The oil 
■is obtained from the blubber by rendering it down with heat. 

Whale oil is of a yellow, brown, or reddish brown colour 
aiiad possesses a strong fishy odour. There are about five 
grades distinguished in commerce, No. 0 and No. 1, very 
p>aile yellow in colour, are usually classed together; No. 2, 
<3.^ep yellow; No. 3, pale brown; No. 4, dark brown. The 
ooimposition of whale oil is not definitely known, but it con- 
■fcajins soluble fatty acids including valeric acid and also 
olxipanodonic acid; it has, however, a similar composition 
to other fatty oils, being a glyceride and yielding glycerine on 
BaLponification. The oil has a specific gravity of 0*920 to 
O’925 at 15° C., a saponification value of 188 to 194, and an 
iodine value of 110 to 146. 

Dolphin Oil is obtained from the head and also the body 
blubber of the dolphin or black fish {Delphinus glohiceps). 
Tlie oil is pale yellow in colour and has a strong fishy smell. 
Tlie oil from the head differs somewhat in composition from 
tlxat from the body blubber since it contains a considerable 
ja.rxiount of volatile fatty acids. The specific gravity of 
dolphin oil is 0*925 to 0*926 at 15° C. 

Porpoise Oil extracted both from the head and also the 
body blubber of the porpoise {Delphimis phocoena), the two 
oils being different. Both contain volatile fatty acids but the 
boad oil the most. Porpoise oil is pale yellow, brownish- 
yollow or brown, and has a specific gravity of 0*925 to 0*926. 
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Train 0i7.—Undcu* iho nanios train oil, fish oil, si^al oil, 
etc., a nuinbor of oily Jiquidn a])]K‘.ar in coniiucrtuv rarq(i!i^^ 
in colour through all shadoH from palc^ ytdlow h* l)lacd\, ?ind 
distinguished by a peculiar, luipleaHJint snudl. In gtnicu’al 
they are derived from the bluhlK'.r of (‘.(‘.rtain marine a.niinalH, 
the great bulk being obtained by nudting tint fat of various 
kinds of seals and whales. Omt kind of train oil, (‘od-livttr oil, 
is obtained from tlui liver of tint e.odfisb. 

The train oil brought in enormous (|uantities evtu’y yitar 
into European and American ports by whaku’s is praeti(tally 
the cheapest of all fats. In addition to its um iti soapmaking 
and the production of chamois leatlutr, it is also em|)Ioy(‘(l a.K 
a lubricant, tlie chief advantages for this purpose beJiig its 
oily character and low pricct. 

The cheapest dark and ovil-snutlling train oil can b(t uH(td 
in the preparation of common hd>rie.!uits, but for lituu’ prodmd.s 
it is essential to use th(i redined oil, which is of a goldtm 
yellow colour and has a le.ss penetrating suHtll. 

Neatsfoot Oil is obtairnul from tint bud. of (dovn.ndVsduul 
animals, oxen, slicutp, and goats. It is prodmuul in many 
small establishments as a by-])rodu(d. in tlu^ boiling of ** <‘ow«* 
heels ” and ^‘sheep’s trotters ” for food purpos<^H. dduusc* art^ 
cleansed from blood and dirt by washing them in wahu*, and 
after the hoofs have Ixicm removtul ih(‘.y ani boikul with watcu' 
in pans till soft. ^Idie fat riscis to tins top of thc^ litjuid on 
standing and is skimmed off and run into a tank, wlum, on 
cooling, it deposits some water atid sttuunn. M'U^r a, time the* 
clear oil is decanted. 

At the large slaughtoring yards in Anuadc.a the butt nw. 
boiled in large batchoR in closed boilers umb'r pnmsun*, and 
the oil similarly recovered by skimming off. Aftcir it has 
deposited stearin the dear oil is obtained by putting it through 
a filter press. Neatsfoot oil is a clear ycdlowish oil with very 
little odour and a mild taste. It has a Hpocafu; gravity c)f 
0*915 to 0*916 at 15® G., saponification value 191 to 199, and 
iodine value 67 to 7(). It consists of olein, palinitin and 
stearin, the first named predominating. I t (hv|)OHiiH sttuirin 
at a low temperature and solidifies at about -G G. Neatsfoot 
oil forms a very useful lubricating oil for fine machiiuu’y 
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as ii usually contains but little free fatty acids and keeps 
well. 

Noatstoot oil occupies a very high place among lubricating 
oils, being the best for lubricating fine machinery, especially 
fine machine tools, sewing machines, cycles, small quick¬ 
running axles, etc. 

It would be equally useful for lubricating larger machines, 
such as high speed turbines, dynamos, etc., but for the fact 
that its high price is prohibitive. For makers of high class 
lubricants, the preparation of neatsfoot oil is strongly re¬ 
commended ; since this oil exhibits a very high state of purity 
when treated in small quantities, and then forms an unsur¬ 
passed lubricant for the finest machinery. 

Neatsfoot oil owes its excellent properties to the fact 
that it may be kept for years in contact with the air 
without turning rancid or losing its fluidity. This latter 
property it retains almost unchanged, even at very low tem¬ 
peratures. 

The method of producing neatsfoot oil is as follows : The 
fresh hoofs of oxen, calves, or pigs, after thorough washing, 
are boiled with water in a pan for a quarter of an hour, the 
temperature being then reduced so that the liquid is no longer 
in a state of ebullition. The fat collecting as an oily layer 
on the surface of the hot water is constantly skimmed off 
with a flat ladle and transferred to a tall, narrow vessel. The 
residue in the boiling pan—the hoofs deprived of their fat— 
may, if fresh, be used as food or otherwise sold to the glue 
manufacturer. 

After standing for some time the neatsfoot oil collects on 
the surface of the liquid in the vessel in the form of a per¬ 
fectly clear layer of golden yellow oil. It is then poured off 
into small white glass bottles, which are tightly corked and 
exposed to the influence of direct sunlight, which very soon 
bleaches the oil perfectly white. 

A large number of the lubricating oils sold under various 
names for oiling sewing machines, clocks, and other fine 
machinery, frequently in very small bottles at a high price, 
consist simply of neatsfoot oil, prepared, carefully refined, 
and bleached in the foregoing manner. 
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ii may bo luciitioiiod hoi’(‘. (ihai io obtain tho llnost prodind. 
from nGathifoot oil it Hhoiild bo (‘xposc^d to u> low wintor 
temperature, and, whilst still cold, stniimui throuKh a fim* 
cloth in order to s(i|)arat(5 the lapiid portion from tluit which 
has solidifietl. 

Bone 0/7.—Oil pressing bon(‘. fat in a warm room there 
exudes from it a Iluid oil whilt*. tlu*. r(‘.sitlut^ or stciarin hd‘t luis 
a higher melting ])oint and thc'.ndort^ isol griuittu* vahn*, 1 !n^ 
oil contains more olein than tlui original fat and dot‘s not 
solidify until a low(*.r t(un[)(‘.ra.ture has bexm rt^acluul. I form 
oil forms a useful lubricating matiudal and may 1x5 tunployixl 
for any purpose as it is prac.tiiailly neaitral a.nd does not d(t- 
posit stearin except at very low tc‘.mp(iratur(5s. 

Lard Oil.—-Y^honhml is pixissed it also yields a (luid od 
known as lard oil and a solicl fat ealh^d bird .stt‘arin. 44ie 
lard oil varies somowbat aet^ording to tlu5 (;ompoHiiiou ol 
the original lard and the tempc^raturi*. a.t whitdi it has Ix^en 
pressed. Usually it is only scmu-lluid at h^mpcu'atun^H of 10" 
to 15", but if pressed at a low t(‘.mp(5rature it will form a fluid 
oil which does not deposit stearin till tlui temp(‘ratun5 is r<5- 
duced almost to tho fri'.ezing point of wahn*. 44u‘, (hu*st Isinl 
oil is employ(‘.(l in the pri'.paration of margarines, hut se^eond 
grade oils arc employed in tlu^ mamifaevturt' of hihric’ants for 
which they are eminently lilted. hard oil has a specifie 
gravity of O'OK) at 15" C., saponilication valiui 100 to 100, 
and iodine value 07 to HH. Some kinds of hog fat are so fluid 
that they would pass as lard oil 

Tallow Oil is prepared from tallow by pn'ssurt^ at a tem« 
perature just lielow tlui mediing ])oint of the. fat. In ordttr 
to obtain the maximum yield of oil the tallow is luuU.txl in a 
large pan iind is kept for a long time just bellow its meltmg 
point, the ''stearin'’ or liard fat crysiallisejs out leaving tlm 
olein free. Tlie mass is them madci into cakt^s whieli whiht 
warm are placed in bags and presHc'.d in a, hydraulic press, ih <5 
olein or tallow oil exuding leaving tho sl(‘.arin liehiml Wlum 
fresh beef fat is thus pressed the oleiu is known as olc50«oil 
and is used in the preparation of margarine, the solid fat, 
known as " prime press tallow ” or beef stearin, being a uscdul 
candle making fat. Tallow oil is a soft fat at the ordinary 
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temperature and may be used in the manufacture of solid 
lubricants, 

Bapeseed Oil or Colza Oil is obtained from the seeds of 
Brassica campestris and its varieties by pressing. The rape 
plant is grown in large quantities in most European countries 
and in India. The seed yields 35 to 45 per cent, of a brown 
oil which is refined by the acid treatment and then appears 
of a yellow colour and has a characteristic odour. It 
deposits stearin on standing at the ordinary temperature. 
Rape oil has a specific gravity of 0-914 to 0*915 at 15'" 0., 
saponification value 168 to 179, and iodine value 93*5 to 105*6. 
The fresh oil contains but little free fatty acids and forms a 
very useful lubricating oil, but it has slight drying properties. 
The solidifying point varies from - 10° to +10° C. 

According to Lewkowitsch ^ the viscosity may be used as 
a criterion of the purity of rapeseed oil, since no oil, except 
castor oil, likely to be used as an adulterant has such a high 
viscosity. The viscosity of rapeseed oil found by the above 
author varied from 329 to 380 at 70° E. and 91 to 94 at 140° F. 

Mustard Seed Oil is obtained from the seeds of the black 
mustard {Sinapis nigra) and those of the white mustard 
{Sinapis alba) which are cultivated in most parts of Europe, 
in Asia Minor, India, and North America. The seeds of the 
black mustard yield about 30 per cent, of a brownish oil, 
those of white mustard about 25 per cent, of a golden yellow 
oil. These oils resemble rape oil in their properties, they have 
a specific gravity of 0*912 to 0*916 at 15° C., saponification 
value 170 to 178, but the iodine value varies in the two 
varieties, being 92 to 103 in oil from the white seed and 
99 to 122 in that from the black. The solidifying point is 
about - 15° C. Mustard oils have slight drying properties. 

Almond Oil is contained in the seeds of the* almond, of 
which there are two kinds, the sweet almond {Prunus 
amiygdalas, Aomjgdalus co^nmimis) and the bitter almond 
{Prunus amygdaluSy var. aniara), growing in the South of 
Europe, Morocco, etc. The sweet almond contains 45 to 55 
per cent, of oil and that of the bitter almond 35 to 45. The 

^ Chemical Technology and Analysis of Oils^ Fats and Bail’s, 1914, Vol. 
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duiractcrH of ilie two oils are vory Bimilar. AIhbhuI oil has 
a Hpecifu; ^n*avity of 0'9i7 io a.t. lA' (!., sapooificaitioo 
valiio IH9 to lUf), and iodim^ valiU'U I io 101 , 

Almond oil is a very pal(^ y(^lh)vv oil with a. phaosani odour 
and taBi(\ ii in almost frcu^ from faiiy a.(dds a.nd kcu‘ps for ai 
v(vry lon^^ tiimi wiilioui l)(u*.omin^^ raaicid. It is composiul 
almost (uitircdy of oUun, and luivin^^ a, V(‘ry low solidifying^ 
point, i.d about KT C., it forms an (‘Xta^ptionaJly 14 ’ood 
lubricaiting oil. 

■K(irtlimit OH or Ardchin Oil is (^xtrao.tod from tbo earth 
rmt (Ardchis hyptufiva) by pn^ssuns d’lu* (^arth nut is ^^rown 
on a V(a\y largo soah^ in India and tin* West Coast of Afrioa, 
in which coimtri(‘.s larg(wiuantiti<‘H arc consiumtd as food, 
nuts arc also imporbal (m a larg(‘. scab', into I^airopc ha* <sxtra,c.“ 
tion of the oil, an industry vvliicdi has gravitattal to Ma.rH(dllc‘H; 
th(^ finer kinds of oil aiHJ uscul for food purpos<^s, ilu* (ajimnoma* 
<iualities for lubricantH and soap maknig. d’lu^ kcaand con¬ 
tains about 45 p(‘r cemt. of oil. l^larth nut oil ha,H usually 
a pakgyedlow colour and a phnisant odour. Its spt ad fn^ gnivity 
is O’dK) to 0*1)17 at 15" C., saponiflt’atinu valuta 1H5 to lOti, 
and iodiiic value HI] to 105. I^larth md» oil contuiuH tlu^ 
glycoridt^H of palmiti(B hypogicic, and ara-chidic a<;id.s. It 
Holidifi(!H at about 0 ''(b and it shows no signs of drying on 
c^xpoBurc. 

Hazelnut Oil is obtaimal from tlu' nuts of tin* ha/.cl trcc^ 
{Oorylm avvllana)^ tlu^ kcu’tudsof whitdi c.onta.in abtnit 50 p(*r 
cent, of a gold(ui yellow oil having an odour of (lie nut. ddict 
specific gravity of the oil is 0*015 to 0*017 ai 15" (!., Haptmifica- 
tion value lOa to 107, and iodine valium HO to 00 . It is a 
very fluid oil consisting very largely of olein and Holidifying 
at a temperature of about 17“ C. 

Olive Ci/.—()liv(ioil is ohtaimai from tlu? fruit of ihv, olives 
tree, which is cultivates! in Houth(*rn bairope, b’rajiccx Spain, 
Italy, (Ireece, et(‘.., also in Moroc.co, dkinis, Algeria, Pah^Htine, 
and in South and North Amerie.a. Tlu^ tlu* fruit 

contains 40 to 00 per cent, of oik Tho h(‘Ht (dl is ohiaincul 
from the fresh fniit by pressing; this is muiiral, pale yedlow 
or greenisli in colour, has a pleasant tasO*, a,ml is uscal as 
a salad oil A largo quantity of the oil is, howtwa-r, ol)tained 
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from fruit which has been allowed to ferment, the oil then 
having a strong odour and an unpleasant taste. The colour 
of the oil may be nearly white, green, or yellow. 

Olive oil has a specific gravity of 0*915 to ()'918, saponi¬ 
fication value 1H5 to 190, and iodine value 79 to 88. The oil 
deposits a solid fat at low temperatures and acid oils become 
quite solid, even at 10" 0. The oil is composed largely of 
olein with a little linolein, but it contains also some palmitin 
with practically no stearin. The acidity of the l)ett 0 r varicities 
of oil is very low, from 0*25 to 2*5 per cent., but common 
qualities may contain as much as 25 per cent, of free fatty 
acids. Olive oil forms a good lubricating oil, but owing to 
its high price it cannot be largely used except for special 
purposes, i.e. grea.sing wool for spinning. The commoner 
oils are unsuitable for use as lubricants owing to their high 
content of fatty acids, but after refining with alkali these oils 
can thus be employed and are in great demand. 

(Jadar oil is obtained from the castor bean, the seed of 
liioifiihs covvmuriis, which is cultivated on a very large scale 
in India, and nilso in the West Indies, North America, and 
Algiers. Tluj seed contains 40 to 50 per cent, of oil. The 
cold pressed oil, being nearly colourless, is used largely for 
medicinal purposes ; the hot pressed oil is yellowish or 
greenish and is used for comniercial purposes. Castor oil 
differs in its properties and composition from all other* com¬ 
mercial oils. It has the highest spercific gravity of any 
natural oil and the greatest viscosity; it is completely soluble 
in alcohol and does not mix with mineral oils. Thesci 
pi’opertios are no doubt largely attributable to its c()m])OBition, 
it l)eing the glycerides of a hydroxy acid—ricinoleic acid—-the 
formula of which is Ci-II,,. V)H . ‘COOH. 

Castor oil has a spcunlic gravity of 0*959 to 0*908 at 1.5" C., 
sa])onification value 177 to 187, and iodine value 81 to 87. It 
solidifies at lO" C. Tlu^ high viscosity of this oil is'shown 
by the experiments of Deering and Redwood, who found the 
time of flow for 50 c.c. at 100" V. to be IKK) to 1190 
seconds. 

In a perfectly fresh state, tlie animal fats are quite in¬ 
odorous and tasteless sul)stances, which do not react in any 
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way with oitlmr red ((r hliK; litnuiw, 'I'liey arc neutral liU,s, 
^.e. tluiy contain no tracti of frc(! fatty acid. A .similar 
bcliaviour is (‘.\!iil)i((!d hy certain v(^o(d.ahle oils, sneh as 
Ireshly |)ress((d olive oil, ra|i(! oil, and a la,ro(^ nnniher of other 
oils. 

When th(^ pei'lectly Iresh hit is jiacked into a cask in such 
a manner that the a.dmission ol air is rendered (|uile iinpos- 
sihlc, the fat will remain in an unaltered lamdition, a.s neutral 
lat, for a considera.hle time. If, however, the fat he e.xposed 
to the action of thi^ air, a peculiar idieinic.al clnuioe, known 
as I'ancidity, soon heianni^s perceptihl(^ 

Kaaicid fat is no longer neutral, hut acid in i(.s a,ctioii, 
which oonditiiai is revealed hy its turning hliie litmus rial, 
'.riie fat now contains a lar^'er or smaller ipuintity of frei^ 
fatty acids, the presence of which is made manifest hy a 
certain {iiaailiar smell and a sharp, irritatinp' laste. 

When hion^ht iniro contacii witii melaJs hki^ copper, iron, 
la- hroime, perfiad.ly neutral fat leaves them ipiiti’ unaltered,' 
whei cas fat that luis hiaiome aiud, /.c, rancid, acts very 
enerf(etic,a,lly mi nietaJs, and soon c.orrodi's them. 'I’his caii 
sometimes he dearly seen on machine parts made of c-.pper, 
hron/e, or brass, the lubricant running down these parts 
heiiif^ stained oreen hy dissolved copper. 

In la,rce maidiines this action of fats on the several parts 
is not a fireat disadvamtace, nor can it he easily prevented. 
It is, however, different with lubricants intended for use in 
delicately cmastructed meclumisms, such as clocks, siwvine 
machines, and others of similar character. 

hor such machines the only permissible lubricants are 
those that are entirely destitute of free acid, and are there- 
fore without any corrosive action on the metal. 

The veKa.tahle oils used as lubricants should also he 
e.xammed for their behaviour on (exposure to the air, 'I'nie, 
all oils will turn rancid sooner or later, hut in many of them' 
a very remarkable alteration of consistency also occurs. 

Certain oils, cjj. rape oil and olive, oil. will heconie very 
acid and somewhat thicker after a certain time, hut they 
always remain laudectly fluid, even tlmu^rh kept e.xpo.sed to 
the air for years. Other oils-which are typified hy limsced 
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oil and nut oil—have the property of becoming progressively 
thicker when left to stand in the air for some time, and are 
finally converted into solid, resinous masses. 

Oils exhibiting this latter peculiarity are termed drying 
oils, in contradistinction to the non-drying oils. This 
property of the drying oils to gradually change into solid 
bodies renders them unsuitable as lubricants, for when a 
machine that has been lubricated with such oils is left 
unused for some time, the oil dries on the various parts of 
the machine, forming a coating that is very difficult to remove. 
Hence the specifications for the supply of large quantities of 
lubricating oils often contain a clause prohibiting the use of 
drying oils as ingredients. 

The volatile oils obtained in refining petroleum and tar are 
not liable to become rancid; hence, viewed from the stand¬ 
point of chemical inactivity, these oils are preferable to the 
fats and vegetable oils. On the other hand, some of these 
mineral oils thicken in course of time—though much more 
slowly than the vegetable oils—without, however, turning 
acid (rancid). They undergo conversion into resinous pro¬ 
ducts by polymerisation, in which event they are said to 
‘‘resinify ” or gum 

Tueatex) Oils. 

Polymerised Oils.—On heating castor oil to 2G0'' to 300“ 
C. for several hours it becomes polymerised and is then 
soluble in petroleum oils. Use is made of this fact for the 
preparation of mixed lubricants containing both castor oil 
and mineral oil. 

Polymerisation may l)e brought about by heating the oil 
to about 300’ G.,^ by heating for 10 hours to a temperature 
of 2{)0‘’ to 300“' G. under pressure or at ordinary pressure under 
a i:eilux condenser,- also by heating the oil with formaldehyde 
to a temperature of /500“ G.*^ 

E. Boyer, L. (!avillon, and N. Barishac treat the oil by 
heating it with the acid anhydrides or chlorides of mineral 

'Nordlmgor (Clor. Pat. 101,499). 

"Oelwerko Stern-Soiinol)orn, Akt.-Clort., Hamburg, Eng. Pats. 24,935 and 
24,930, Doo. 1, 1905. 

'‘Oommon and Hull Oil Manufacturing Co,, Eng. Pat. 15,450, 1008. 

4 
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iii'id-, i-r iii-t.incf 4 prF ecDt. of acetic acid, the product 
F.,.\ witii liiiiieral 'Alsr 


'■ ^ ^ —U hro va<hjr oil is heated to a temperature 

t ■ 1 f^ a aradiiiilly thickens, becomes much more 
-a, f.:i' liiahfc-r speeinc gravity. In this reaction 

ans.iturat-a a^-ais bccoine oxidised wiiii consequent 
^a' tiir' vMiux: value, a certain amount of the oil is 
F--J -v], liiid fairy acids are formed, some of 

a iad a!'^' vw-ivt'd. 

Ihi' uiach takt-*^ place may be followed by a 

V J analytical iigures for the original oil and 

r Ui-;- f.M^nva F.r didbrt:^!!! periods of time. The following 
.ife tile* results ubtamed by Lewkovvitsch- for castor oil;— 






4 H'-jur*. r] Hours. 

10 Hours. 


0‘t:v ;uhr 


Light. Light. 

Orange-yellow. 

r. . 

s ?*'•(»; 


O-lUas 0 “j773 

0-9906 

A I 

!■’ 

F8 

e-4 e-5 

5*7 

L.r.- ar -.'i: ■.a.O':- 

I IX'V 

I-C'3 

ls5-c 1S4-S 

190-6 

i >1 L' '.a. ... 

— 

-3*5 

79-63 7S-13 

70-01 

A.t't'i; T.a..;-: 

i4e-'< 

100-7 

154-3 159-0 

164-S 

>.iy' ilC-riit; 1 'U \ ^a- 





vf iiCrlv’aO/d '..A . 

oOl'O 

30t>i» 

30S«7 — 

_ 


Proeti-r and Holmes'' have also examined the products 
i/ijtaioed by blowing many oils including an English ex- 
pre>^e.l castor i.ah their results being as follow^s 


«Tr:i\ity. 


Rffractivr 

Ili'leX. 


l!>iiiie Value. 


ii 

». 0-S5- 

1 -i M'Sol 

10 

1" oseo 

-0 

-4 U‘ao7 


1-4^00 

83-0 

1-4S(X) 

83-0 

l-4s0a 

74*0 

1-4--04 

73-0 

1*4304 

7-2*0 

1-4805 

71-0 

1-4805 

71-0 

1-4S06 

69-0 

l-4a}7 

flS’O 


and Aimlysis of Oils, Fals^ ami IFriz*' , 1914, Yol, 
''J'Kf, s C Infix, 1905, 12S9. 
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beiAi-lryinj hI? siieb as oil alt li^h ob- ax 

a!sj a!tercl in rt .a* hy bl-jwinT l.v tb-- f .; su¬ 

ing rrsiiii^ :■—' 



i" 

FA . : 



h.,- ;- 



i:y A 


Viil 

^ .ii . - 

A : 



loo*' i 








IVT < rie 





Blown rape 

OGGTj 

4 ’.-I 

I .*7 ‘T 

»0 e 

-4 --7 

iO :a-. -i'. 







K : 


0'9714 

— 

OkO’’’ 


_ 


Unginal 

0*918.3 


17e 

'#'i ^ 



Blowji 




i A d 

_ 

^ Le* ■' 'iL 1 



4 ‘1 

IT" ' 

wo 


1 i .li. 1 - ?: 


-.'*'>'73 

. t • - 

0" 7 * '■ 

*o- ■; 



. - T : - "o ■ T' i I'o'- 

U'e*," 3 

5u9 





Blown Eao ln-0„i 







rape 


flCil 

U'T 




Blov^'n ln :ZZ' II ''eeii 

s o:.^^7 *‘■3 

4'7>.) 

:i-;409 

5 ,,X 1 

Pi 



e e77C 

— 

21 -'07 

_ 




Kite "t'. 







iO'i74U 

;O.W 

.I-Oi 

5e-4 

— 

]'■ -xrra.'ii as 







i’a . aic lo. 

,, liiaue 

U*98i9> 

3*09 

20-'FI 

l«)'T 

il 

L-ivA'C'**::b.' 

,, seaJ , 

O'C-IS 

10*5 

ml'U 


7i'4 

i0w5s::,a.. 








,, sperm 


o07 

!42*.:1 

07' I 


T,. .n aa*, 







Fa.Oiiitvn -0 


For further particulars of these oil- see the refertr'nurs riven 
in the footnotes. 


Owing to their high viseonties the bliswn .x.'. arv vft-n 
used in cDinpoiinding aibrieating oils. Whrth-r thrv .ae 
altogether stiiird for this piirp:-e is a dtrlatt-ar-k ^oLi-r-tun 
They are no: entirely free fr-m a tendenoy to ^‘guin/’ whiir 
their acidity and low dash psant- are also factor- which havr- 
to be taken into account. 

According to S. Hilpert," blown whale f-rin- an tx- 
eeptionally good thickening agent for tar oil-, the tush veict 
of the prodnct being comparatively Ir^wo 

" Jour. X'x'-. t 0 . Tjia. 

- iSh..<^ anO W Vol. III., i-p. 

■ liiJL ile *. 0; ' '> i;'0: 0;Oii. Su.i. 

S:>-\ €■.> . h.di,, iSeO, 3iA 
" C0o;'X OO-s.-o 1894, g 

■'^Ges. Afua’jii, Ziix KesBinis der Kchl, 1917. i. C-s? > u 

CXi3/?2« Itliit, l9l9^ 5— 
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Sttlphonated Oils .—When concentrated sulphuric acid is 
allowed to act upon oils, the temperature being kept low by 
cooling, hydroxy fatty acids and their sulphuric esters are 
formed, but in the case of castor oil free ricinoleic acid and 
ricinoleo-sulphuric acid with mono- and di-ricinoleic acid and 
probably other products are produced. These products are 
used in Turkey red dyeing, for which reason they are often 
known as Turkey red oils. The product from castor oil is 
also known as '‘soluble oil”. The method of preparing 
soluble oil is to run concentrated sulphuric acid into castor, 
which is kept at a temperature below 35" C. by cooling. A 
little water is then added to the oil, agitated with it, and 
then allowed to settle out, after which the oil is syphoned 
off. The oil is washed with a solution of Glauber salts until 
practically all the acid has been washed out. Ammonia or 
soda is then added to the oil until it forms a clear solution 
when mixed with a little water. This forms the soluble oil of 
commerce. On adding to water it yields a clear or milky 
solution, and a mixture of it with other oils will also give 
emulsions. Soluble oil will mix with all other fatty oils but 
not with mineral oils. It can, however, be mixed with the 
latter by using oleic acid and ammonia, such mixtures form¬ 
ing very permanent emulsions with water. These latter, 
known as "screwing” and "cutting” oils, will be described 
in a later chapter. 

L. Hirschberg (Assignor to Chemische Fabrik, Westend, 
U.S. Pat. 1,042,915) claimed that by heating hydrocarbon 
oils with an equal weight of sulphuric acid, containing 
sulphur trioxide equivalent to at least 24 ' per cent, of the 
weight of the oil, to a temperature of 100" to 130" C. the mass 
separates on cooling into two layers, the upper layer after 
separation and neutralisation being emulsifiable with water. 


CHAPTEE III. 


SUBSTANCES USED IN THE PREPARATION OP LUBRICANTS 

{co7itinued), 

Hydeocakbon Oils, etc. 

Petroleum Oils ,—The discovery of a petroleum oil in a 
coal pit at Alfreton in Derbyshire and the working of it by 
Young in or about 1847, which led to great developments in 
the shale oil industry, are adverted to in another chapter. 
Natural petroleums exuding from the earth’s surface or- 
found in wells had long been known in North America, the 
material being used for medicinal purposes under the name 
of ‘‘rock oil 

The first petroleum well was sunk in 1858-59 by Col. 
Gr. L. Drake at Titusville, in the State of Pennsylvania, and a 
company was formed by Messrs. Eveleth and Bissell, under 
the name of the Pennsylvania Eock Oil Company, to work 
it. The total production in 1859 amounted to somewhat 
less than 2000 barrels. Wells were afterwards sunk in the 
valley of the Muskigun, Ohio, at Lima, Findlay, and Bowling 
Green, in West Virginia at Burning Springs, which was a 
most productive well, in the Bradford field and at Cherry 
Grove, the latter being long famous as a flowing well, at 
Hughes Eiver and at Oil Springs. Wells were also sunk in 
South California at Ventura, Los Angeles and Santa Barbara, 
and in Kentucky, Tennessee, Illinois, Kansas, and Texas, all 
of which are oil-producing states. It is from the deposits in 
the United States that by far the larger bulk of the world’s 
petroleum supplies are obtained, and the immensity of the 
trade is clearly shown by the statistics below 

(53) 
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Production of Crude Petroleum in the United States. 

1901. 1911. 1913. 1914. 1915. 

Metric tons . 8,961,000 29,393,252 46,956,337 50,229,119 37,480,547 


United States Exports. 


Crude oil . 

Naphtha . . . . 

Illuminating oil 
Lubricating oil and paraffin 
Residuum, gas and fuel oils 


U.S. Gallons. 
1914. 1915. 

146,056,086 154,703,618 

185,578,776 273,806,978 

1,155,809,430 835,246,438 

195,472,181 237,660,120 

586,218,073 808,343,638 


1916. 

168,358,167 

349,721,727 

852,765,091 

258,993,634 

953,199,203 


Total . 


2,269,134,546 2,309,760,792 2,583,037,822 


Total values 


$141,004,663 $199,630,471 


In 1905 the percentage yield was: Burning oil 61, 
paraffin oils 2*9, reduced oils 7*7, naphtha and gasoline 10*3, 
neutral filtered oils 0*9, paraffin wax 1*4, residuum 5*7. 

The origin of petroleum is a much discussed problem, 
Prof. Engler, of Carlsruhe, being of opinion that it has been 
formed by the slow distillation of animal and vegetable 
matter by the internal heat of the globe. That it was formed 
in the primary rocks as at first supposed is now known not to 
be the case, as it may have been formed in any strata and has 
percolated down into large fissures. It sometimes oozes to 
the surface, but is found at various depths and often ac¬ 
companied by brine. 

In the United States the wells are sunk to a great 
depth, i.e. 2300 to 2500 feet. The American method of boring 
is now almost universally employed. First, a derrick is built 
on which revolves a wheel carrying cams which lift the cable 
and boring tool. These derricks are a familiar feature of the 
landscape in oil-bearing districts. At the side of the derrick 
is built a shed for the boiler and engine. The boring tools 
of chilled steel are alternately lifted and allowed to fall and 
are also rotated in the hole, the cable being payed out and 
held by a clip as the tool descends; the hole is also flushed 
out with water from time to time to remove the debris of 
rock formed by the tool. When a sufficient depth has been 
reached with but little oil appearing a charge of dynamite 
is exploded in the boring, which shatters the rock and often 
leads to a great rush of oil, a ‘‘gusher” as it is called, 
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"Which may play like a high fountain into the air for a long 
period, the oil blowing in spray all over the country, much of 
it being lost. Sometimes the fountain catches fire, a most 
imposing sight, and an enormous dense column of smoke 
surmounts the fountain. Natural gas usually accompanies 
the oil, which is burnt under the boiler. After a time the 
flow of oil subsides and resort is then made to pumping, 
the well being sheathed with wrought iron tubes and a 
pump installed. The refineries for Pennsylvania oil are 
on the east coast near the large ports—Philadelphia, Balti¬ 
more, New York and Boston, the refinery at Philadelphia 
being one of the largest in the world. Ohio oil is refined in 
the cities on the great lakes, principally at Cleveland and 
Chicago, the refinery at Whitings on the shores of Lake 
Michigan in Indiana being probably the largest refinery in 
the world. 

The oil from the wells is carried through pipe lines, 
hundreds of miles, to the refineries. In the United States 
the refineries are on a gigantic scale, there being some¬ 
times hundreds of boilers or stills, with their accompanying 
condensers, refrigerating plant and storage vessels, etc. By 
distillation the crude oil is separated into several fractions, 
naphtha, kerosene, lubricating oils, and residuum, etc., all of 
which find a use for a variety of purposes. The crude 
petroleum flows in a constant stream into the refinery and by 
the aid of pumps is caused to circulate through the stills, 
condensers, and refining tanks until finally it passes to the 
huge storage tanks from which it is delivered into tank 
waggons or barrels for consumption. The Ohio oil contains 
a high proportion of sulphur compounds which originally 
caused a considerable amount of trouble, but it is now freed 
from sulphur by the method of Hermann Frasch, which 
consists in passing the vapours of the oil over finely divided 
copper oxide. 

In Canada there are deposits of oil in the Ontario district 
at Athabasca Lake and on the Great Mackenzie Eiver, A 
considerable quantity of oil is also obtained in Mexico, Peru 
and Argentina in South America, while there is also a large 
amount accompanying the bitumen in the bitumen lake of 
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Trinidad. The production of crude oil in barrels in Mexico in 
1901 was 9750, and in 1914, 31,867,410 U.S. gallons (and 
that of Trinidad in 1917 upwards of 4,500,000 gallons). 
In Europe petroleuna is found in Alsace, Italy, Eoumania, 
Galicia and Eussia. The Eussian oil fields, which are by 
far the largest European deposits, occur mostly in the 
Caucasus or Caspian Sea area. 

Oil has been known to occur at Baku from very early 
times. This district belonged to Persia and the Parsees who 
inhabited it were fire-worshippers, regarding as holy the fires 
which were produced by burning the oil as it oozed from the 
ground, and which they kept alight for many centuries. In 
1806 Baku passed into the hands of Eussia, and many oil 
wells were sunk, chiefly in the Balachany and Sabountchi 
fields at Bibi Eibat and on the Maikop field. The oil is 
found at moderate depths, the oil wells usually being 190 
to 200 metres deep. 

Petroleum is also often found on the waters of the Caspian 
Sea, and gases are evolved which sometimes take fire and 
burn for a time. 


The oil is refined in Baku in the district known as the 
black town,” with which the Balachany field is connected 
by pipe line. The stills are heated by the residue or masut'' 
which is blown into the fire holes over which they are fixed. 
The greater part of the Eussian oil supplies comes from Baku. 
In 1913 the production of crude oil was over 9,000,000 tons 
and in 1914 it exceeded 8,900,000 tons, the proportion of 
the different products in the years 1906 and 1907 being as 
follows;— 


Crude napEtha 
Petroleum and distillates 
Lubricating oils 
Oil residues . 
Lubricating masut \ 
Eesiduum „ j 
Yiscosin, paraffin wax, etc. 


Poods of 36*112 lb. 


1906. 
33,331,587 
72,050,819 
13,128,825 
1,030,678 

203,749,605 

28,967 


1907. 
35,317,006 
86,211,416 
12,541,628 
1,376,936 

234,786,946 

40,971 


In Galicia the oil wells are in the districts of Bobrka and 
Sloboda-Eungwiska. There is also petroleum accompany¬ 
ing ozokerite at Boryslaw which is the centre of the 
ozokerite industry. The wells in this country were 
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originally rery shallow, merely a few feet deep, and in kr<ze 
numbers; the oil which oozed into them from the surronndins 
strata being drawn to the upper surface by very primitive 
windlass and bucket devices. Now, however, the American 
system has been introduced, the wells are deeper and the oil 
is pumped out. 

The total production of crude oil in Galicia was as 
follows:— 

Metrii. Ton,'. 

1907 1,175,974 

1908 1,734,235 

1909 2,150,000 

and the exports in 1910:— 


Petroleum spirit 

, 32,528 


Crude oil . 

51,558 


Refined oils .... 

. 290,915 


Lubricating oils 

. 100,71ti 


Gas oil. 

. 28,630 



504,353 


In Eoumania the production was 

as follows:— 



Metric Tons 


1913. 

. 1,885,225 


1914. 

. 1,783,947 


1915. 

. 1,673,145 


and the exports:— 




1&13. 

li*U. 

Benzine ..... . . 

237,168 

164.143 

Llgiiting oil and distillates 

418,622 

297.*;^)0 

Crude oil . 

2^,622 

15,405 

llineral oil . 

9,543 

^,617 

Residues and gas oil .... 

341,912 

167,523 

ParalSn . 

579 

536 

Total 

. 1,036,446 

654,024 


In Asia petroleum is found in India in Eangoon, Upper 
Burma region and in Upper Assam, also in Japan, in Borneo, 
Ceylon, and also in Mesopotamia. Burma exports about 
800,000 gallons of benzine annually. The Japanese production 
of crude oil was as follows:— 


Anierieaii 
=0*8>3 Imptriml 
Gallons. 


1914 . 


. 115,849,104 

1915 . 


. l27,36-,528 

1916 . 


. 127,086,624 

1917 . 

. 

. 121,7^,640 














Totals . . 120,4G0,150 I 146,601,230 03,862,120 j 83,653,710 36,210,890 3,628,090 | 5,346,990 459,744,740 
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In Japan the refmories arc nioKtly at I'lf.hif^o, whi(;h 
turned out in the years 1911 and 191‘i tlui rollowiiiff pro¬ 
ducts ;— 


lion/ino 
KoroHono 
Neutral oil 
Tjubrusatirig oi I 
Fuel oilH 


BarrelH ol' 42 (Jallou.*. 


urn. 

7,021,401 
7,r)‘)l,10/> 
:U),051,4 08 


:$h:j,hih 

21,074,000 

0,404,501 

7,400,000 

20,771,082 


I^oring for oil waw carried out in 8ov(o*al phuu^H in Mn^dand 
during the war but with V(vry litthi succoks. ^riui most pro¬ 
ductive well wa8 that at llardHtoft, in Dco-byshiro, from whicdi 
‘2()0 gallonopor day wen^ obtained. 

The table on page from tlu‘. l^ctrolvuvi Ilrrlvw, 11)IT), 
shows the import of vaadous ptitrohoim produed.s into th(‘. 
United Kingdom in IDM and tlu'. sourct‘,H. 

The extent of tlu^ pcvtrolcoim industry will lx; stxm from 
the following hguri^B for th(> world’s |)roduetion 



1001. 

lOlI. 

Mid.i’ic 'I’onH 

1015. 

1011. 

1015. 

U.S.A. . 

8,051,()()() 
10,084,()()() 

20,5110,252 

40,050,557 

50,220,1 10 

57,480,547 

lluHHia 

0,000,250 

11,875,005 

12,0r»0,H70 

0,555,077 

Moxi(U) 


1,875,552 

4,805,501 

4,004,018 

4,588,008 

Siiuiatra, Java, 
Borneo . 

Old,()()() 

1,070,008 

2,201,750 

2,401,285 

1,710,14.5 

Uomuania 

220,000 

1,544,072 

2,501,851 

2,424,224 

1,075,145 

India 


807,184 

1,408,?0.S 

1,512,000 

0H(;,007 

(lalieia 

451,()()() 

1,458,275 

1,477,020 

051,508 

57H,5HH 

Japan 


221,187 

507,010 

517,558 

4 l5,7H/» 

Peru and Soutli 
America. 


180,405 

405,170 

50)2,401 

i 

i 551,055 

Germany 


140,000 

188,200 

(cHtiimattal) 

05,185 

188,200 

(<iii(.imat.<ul) 

121,028 

1 140.0(H) 

4^rinidad . 



i 100,000 

Argentina 




50,400 

75,000 

I'igypk 



10,825 

105,178 

20,500 

Canada . 


88,815 

45,107 

8,052 

40,508 

‘28,720 

Italy 


10,000 

7,174 

5,500 

All other (U)iin- 
trioH 

484,000 

20,(;07 

51,050 

8,7HO 

(ufitimatitHl) 

1,555 

Totals 

21,700,000 

40,520,525 

72,704,005 

7r),055,0t)8 

57,208,780 


The crude petroleum is a black, brownish-hhu-k, brown, 
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amber coloured, or yellow liquid, fluorescent, having a specific 
gravity varying between 0*771 and 0*976. It has a flash 
point (Abel test) from 24° to 320° F. and a solidifying point 
varying from 80° to zero. 

The composition of crude petroleum varies very consider¬ 
ably in different localities, and in fact in different wells in 
the same field, American petroleum consists chiefly of 
paraffins but contains some olefines and naphthenes. The 
Caucasian petroleum is composed principally of naphthenes. 
Benzene and its homologues have been discovered in small 
quantities in most petroleums. 

The following have been detected in Pennsylvanian 
petroleum:—^ 


Paraffins of the Series. 

Cnlton + 

Boiliiiji: Point, 
°C. 

Specific 

Gravity. 

Gaseous. Methane 

OH^ 



Ethane . 

CoH« 

— 

— 

Propane 


— 

— 

Butane . 

G 4 H 30 

0 

_ 

Liquid. Pentane (normal) 

CoH,, 

38 

()-628 

Pentane (iso) 


30 

0*628 

Hexane (normal) . 


69 

0-664 

Hexane (iso) . 


61 

0*064 

Heptane (normal) 

G 7 H,,, 

97*5 

0*099 

Heptane (iso) 

CyH^g 

91 

0*699 

Octane (normal) 


125 

0*703 

Octane (iso) . 

GaH,^ 

118 

0*703 

Nonane 

G„H 2 „ 

136 

0*741 

Decane . 

Gi„H 22 

158 

0*757 

Endecane 


182 

0*765 

Dodecane 


198 

0*776 

Tridecane 

Gia^Iaa 

216 

0*792 

Tetradecane . 

GiAo 

238 

— 

Pentadecane 

GisHaa 

258 

_ 

Hexadecane 

Gi«H„ 

280 

_ 

Octodecane ' . 


_ 

_ 

? 

g»h ,2 

— 

— 

? 

^2.n^48 

— 

— 

? 


— 

_ 

Solid. Paraffin (myricyl) 

CayHgg 

— 


Paraffin (ceryl) 


370 



According to Hofer the following olefines have been 
separated from North American petroleum :— 


1 Sir Boverton Kedwood, Fetroleum^ 1896, Vol. I,, 207. 
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Olefines of the Series CnH 2 n. 




Melting Point. 
°C. 

Boiling Point. 

°C. 

Ethylene .... 

C,H 4 

- 160 

- 103 

Propylene .... 

03 H,, 

— 

Gas 

Butylene .... 

O.Hs 

— 

- 5 

Amylene .... 

CsHio 

— 

35 

Hexylene .... 


— 

68 

Heptylene .... 

C7tli4 

— 

98 

Octylene .... 

OsH,„ 

— 1 

124 

Nonylene .... 

0 „H,„ 

— ' 

153 

Decatylene .... 

^10^20 

— 

172 

Endecatylene 

CnH,, 

— 

195 

Podecatylene 


- 31 

96 at 15 mm. press. 

Decatrilene .... 


— 

233 

Cetene. 

Oi6H,r2 

+ 4 

274 

Cerotene .... 

C07H,, 

58 

— 

Melene. 


62 

— 


Hydrocarbons of the Benzene Series, CnH 2 n-«. 

Small quantities of the following have been found in 
petroleum. 




Melting Point. 

Boiling Point. 

Benzene . 

C«H« 

6 

79 

Toluene. 

O7H8 

below - 28 

110 

Xylene (iso). 

CaH,„ 

— 

119 

Xylene (para) .... 

CsHao 

13 

137 

Cumene. 


_ 

153 

Cumene (pseudo) .... 


— 

169 

Mesitylene. 

1 

CiiHia 

1 


163 


The naphthenes which occur in Caucasian petroleum are 
derivatives of benzene, and although they have the same 
constitutional formulae as the olefines they have quite different 
properties. It is usual to refer to them as methylenes or 
naphthenes, and names are also applied which show their 
relationship to the benzene series, thus hexamethylene, 
is hexahydrobenzene (Kishner), and Heptamethylene, 
G 7 H 14 , may be termed hexahydrotoluene (Lessen). 

The following (page 62) have been isolated. 

The crude petroleum is distilled in large boilers and yields 
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a volatile oil known as naphtha or benzene, or more recently 
as petrol, burning oil or kerosene, lubricating oils, and a 
residual product which varies according to the length of the 




Boiling Point. 

Specific Gravity. 

H exam ethylene 
Heptamethylene . 
Octomethylene 
Nonomethylene 
Decamethylene 

Endecamethylene . 

^6^12 

OnH.. 

G9° 

97° 

115°.124° 

135°-142° 

153°-170° 

179°-181° 

0-7539 

0-772 

0-777-0-7835 
0-7808-0-7812 

0 7808-0-814 

0-8019 at 

Dodecamethylene . 

C 10 H 2 , 

197° 

0-812 at ™ 

Tetradecamethylene 

CuH,8 

240°-241° 

18-6° 

0-8125 at 

Pentadecamethylene 


246°-248° 

0-821 at 


distillation. In some cases the distillation is stopped when 
all the lighter oils and much of the heavier or lubricating oil 
has passed over leaving a heavy, extremely viscous product 



which is cooled by refrigeration, the solid paraffin being 
separated by filtration, and subsequently purified; the residue, 
having great body and high flash point, is sold as a cylinder 
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lubricating oil. In other cases the residue is run into a 
coking still and distillation continued until the product l(‘l't 
resembles pitch or asphalt or is even converted into a kind 
of coke- During the distillation the products passing over 
are diverted into different receivers as the temperature risers 
and the specific gravity of the distillate increases. 

The products of the first distillation require to be refined, 
which is done in large tanks, treating the oil with 1 or 2 
per cent, of sulphuric acid, separating the black tarry mass 
which deposits, and then treating the oil with caustic soda 
and washing with water. After this refining the products 
are again distilled in separate stills, which vary in construc¬ 
tion, but are essentially similar to Fig. 9. 

Crude petroleums vary very considerably in c()nipositic)n, 
therefore the nature of the products and the yield arc^ also 
variable as will be seen from the following figures ().)ag(^ ()4). 

In the second distillation the oils may be further soi)aratcd 
by fractionation into a number of products. In thci United 
States the following have been recognised :— 



Boiling 

Point. 

Specific. 

CJravity. 

Cymogeiie 

32° F. 

0-529-0-G03 

Rhigolene 

65° F. 

0-603-0-629 

Gasolene 

— 

0-629-0-673 

Naphtha 

— 

0*623-0*673 

Benzine . 

— 

0*723-0*74:1 

Kerosene 

— 

0*744-0*838 

Paraffin oil 


0*838-0*00f> 




Artificial fnui/.ins. 
Aiia^HtlK'tic,. 

Air-f{as 
(/loaning, (^Ic. 

PaintH Jind va,nii.sli(‘s. 
liaiii]) oil. 

8<^pai*at(^(l irii,o luhri 
catinpi oil jind 
pa rail in wax. 


The following is a list of products from Eussian potrohuim 
drawn up by the Baku section of the Eussian Teclmical 
Society which has been accepted by the Itussian Excise 
Authorities:— 

A. Crude Oil: The natural prodrict unrefined. If tlu^ 
flash point (open test) be above 70° C. the product is classificxl 
under residuals Group E. 









Fractional Distillation of Mineral Oil from Various Sources. 
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B. Light Products :— 

1. Petroleum ether, rigolene, sherwood oil; specific gravity 
not exceeding 0*700 and distilling completely up to 80° C. 

2. Light benzine ; specific gravity 0*700 to 0*717 ; not 
more than 5 per cent, left on distillation at 100° C. 

3. Heavy benzine; specific gravity 0*717 to 0*730; not 
more than 5 per cent, left on distillation above 100° C. 

4. Ligrom, specific gravity 0*730 to 0*760. 

5. ‘'Piitz’' oil (cleansing oil); specific gravity 0*750 to 
0*770. 

C. Ill'wminating Oils :— 

1 . Meteor, specific gravity 0*806 to 0*810; flashing point 
(Abel-Pensky) not below 28° C. ; colour 1 to 2 marks 

2. Testefas, specific gravity 0*820 to 0*823 ; flashing point 
not below 38° C.; colour 1 to 2 '' marks 

3. Kerosene, specific gravity 0*815 to 0*826 ; flashing point 
not below 28° C.; colour 2-1 marks 

4. Astralene, specific gravity 0*832 to 0*835 ; flashing point 
40° to 45° 0.; colour 2-^ marks ”. 

5. Pyronaphtha, specific gravity 0*855 to 0 865 ; flashing 
point not below 98° G. (Martens-Pensky) ; colour, dis¬ 
coloured. 

6 . Gasoil, specific gravity 0*865 to 0*885; flashing point 
not below 93° C. 

7. Light solar oil, specific gravity 0*878 to 0*885 ; flashing 
point 125° C. 

D. Lubricating Oils :— 

1. Lubricating oil, specific gravity 0*885 to 0*895 ; flashing 
point 135° to 185° C.; viscosity (Engler) at 50° C. 2 minutes 4 
seconds to 2 minutes 9 seconds. 

2 . Spindle oil, specific gravity 0*895 to 0 *900; flashing point 
150° C. 

3. Machine oil, specific gravity 0*905 to 0*911; flashing point 
185° to 215° C.; viscosity 6 to 7*5 minutes; freezing point 
- 10° C. 
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4. Cylinder oil, specific gravity 0’911 to 0‘920; flashing 
point 210” to 245” G.; viscosity 12*5 minutes; freezing point 
5” C. 

5. Viscosine (valvoline), specific gravity 0*925 to 0*935, 
flashing point 290° to 310° C.; viscosity at 100” C. 5 minutes. 

6 . Residuals for manufacture of lubricating oils, specific 
gravity 0*908 to 0*916 ; flashing point 160° C.; viscosity at 50° C. 
6 to 10 minutes. 

E. Fuel Oils : Mazout, residuals, lake oil, specific gravity 
0*895 to 0*935; flashing point (open test) not below 70” C. 

E. Qoudron, specific gravity not below 0*935, flashing point 
not below 270° G. 

Goal Tar ,—When a bituminous coal is submitted to dry 
or destructive distillation for the manufacture of coal gas it 
yields in addition to the latter a black viscous material known 
as coal tar and also coke. 

The coal tar condenses in the gas mains and flows down 
into a large underground tank from which it is pumped to 
the stills. 

The yield of coal tar varies with the nature of the coal 
and the method of distilling, usually amounting to 3*4 to 6*9 
per cent. 

Goal tar is a viscous black liquid having a “gassy” odour. 
It has a specific gravity of 1*1 to 1*2, and does not mix with 
water hut is readily soluble in benzene. 

Goal tar is used only to a limited extent in the manu¬ 
facture of common wheel greases. 

The composition of coal tar is extremely complicated, a 
very large number of compounds having been isolated from 
it. The following list includes only the better known pro¬ 
ducts, as quite a number of derivatives of the compounds 
mentioned have also been found to be present:— 
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B. Light Products :— 

1. Petroleum ether, rigolene, sherwood oil; specific gravity 
not exceeding 0*700 and distilling completely up to 80° C. 

2. Light benzine ; specific gravity 0*700 to 0*717 ; not 
more than 5 per cent, left on distillation at 100° C. 

3. Heavy benzine; specific gravity 0*717 to 0*730; not 
more than 5 per cent, left on distillation above 100° C. 

4. Ligroin, specific gravity 0*730 to 0*750. 

5. ''Putz’' oil (cleansing oil); specific gravity 0*750 to 
0*770. 

C. Illuminating Oils :— 

1. Meteor, specific gravity 0*806 to 0*810; flashing point 
(Abel-Pensky) not belov^ 28° C. ; colour 1 to 2 marks 

2. Testefas, specific gravity 0*820 to 0*823 ; flashing point 
not below 38° C.; colour 1 to 2 “ marks 

3. Kerosene, specific gravity 0*815 to 0*826 ; flashing point 
not below 28° C.; colour 21 '' marks 

4. Astralene, specific gravity 0*832 to 0*835 ; flashing point 
40° to 45° C.; colour 2-^ marks ”. 

5. Pyronaphtha, specific gravity 0*855 to 0 865 ; flashing 
point not below 98° C. (Martens-Pensky) ; colour, dis¬ 
coloured. 

6. Gas oil, specific gravity 0*865 to 0*885; flashing point 
not below 98° C. 

7. Light solar oil, specific gravity 0*878 to 0*885 ; flashing 
point 125° C. 

T>. Lubricating Oils :— 

1. Lubricating oil, specific gravity 0*885 to 0*895 ; flashing 
point 135° to 185° C.; viscosity (Engler) at 50° C. 2 minutes 4 
seconds to 2 minutes 9 seconds. 

2. Spindle oil, specific gravity 0*895 to 0'900; flashing point 
150° C. 

3. Machine oil, specific gravity 0*905 to 0*911; flashing point 
185° to 215° C.; viscosity 6 to 7*5 minutes; freezing point 
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4. Cylinder oil, Bpecific ^n^avity 01)11 to 0*920; flashing 
point 2lO'‘ to 245“ C.; viscosity 12*5 minntes; freezing point 
5“ C. 

T). Viscosinc (valvolinc^), specific gravity ()'92r) to 0*985, 
flashing point 290“ to 810“ 0.; viscosity at 100“ C, 5 minutes. 

(). liesiduals for manufacture of lubricating oils, specific 
gravity ()*9()H to ODIG ; flashing point 1()0“ C.; viscosity at 50” C. 
() to 10 minutes. 

1^. Fud Oils : Mazout, rcisiduals, lake oil, specific gravity 
0*895 to 0*985; flashing point (open test) not below 70“ C. 

F. Goudron, specific gravity not below 0*985, flashing point 
not lielow 270“ C. 

Coal Tar. .-When a bituminous (*oal is Bubniiitcid to dry 

or destructives distillation for tlu'. manufactuixi of coal gas it 
yields in niddition to the lattc^r a black viscous material known 
as coal tar and also c.oke. 

The coal tar condensi^s in the gas mains and flows down 
into a larger underground tank from wliich it is pumped to 
th(‘. stills. 

yiedd of coal tar varies with the nature of the coal 
and tlui m(4hod of distilling, usually amounting to 8*4 to ()*9 
per cent. 

Cloal tar is a viscous black liquid having a gassy” odour. 
It has a speedne gravity of 1*1 to 1*2, and does not mix with 
watm^ but is rc^a-dily soluble in benzime. 

Ooal tar is uscul only to a limited extent in the manu- 
factuixi of common wlieel gr{Mis(‘s. 

'The composition of coal tar is extremely compUcatcul, a 
V(U‘y large nuinlHu: of compounds having been isolated from 
it. flflic following list includeB only the better known pro¬ 
ducts, as (juite a number of derivatives of the compounds 
nuuitioncd hav(‘. also liecvn found to be present:— 
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Chief Gonstitubntk of Coal Tah (Ijunoh)- 

1. Methane Series of Hydrocarhons, C„H.a„ , 




Pornuila. 

Meltiug Point. 

Boiling Point. 

Ethylene .... 


GaHOous 

- 110 

Propylene .... 


,, 


Butylene (normal) 

p,,H„ 

n 

r, 

i 

Pseudobutyiene . 


) > 

Isobutylene .... 

c,u„ 

1 > 

1 jiquid 

H 

Amylene .... 

C»H,„ 

-1. m 

Hexylene .... 

0((1 1 12 

,, 

(>{} 

Heptylene .... 

0,11,4 


9H 


3. Acetylene Series of Hydrocarhons, (iuHan 



Formula. 

Molting I?oiut. 

Boiling lN)int. 
"’(1. 

Acetylene (Ethine) 

ChTL, 

GaHCouH 


Allylene (Allene) 


»» 


Crotonyleno (Biitine) . 

O.H,, 

Liquid 

18 

Valerylene (Pentine) . 

(VC 


51 

Hexaxylene (Hexine) . 



HO 

Dodecylidene 

0,2H,,4 


aio 

Tetradecylidene . 

OnHy, 


210 

Hexadecylidene . 



280 
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4. Ben^sene Series, CuHan-e- 



Formula. 

Melting Point. 

Boiling Point. 
°C. 

Benzene .... 

G«H,. 

Liquid + 5° 

81-1 

Toluene .... 



111 

Xylenes :— 

^a^io 


— 

Ortho .... 



143 

Meta .... 

— 


139 

.Para .... 

— 

15° 

138 

Pseudocumene 


Liquid 

168 

Mesitylene .... 

CgHjo 


164 

Hemellitbene 

CtjHj.j 


175 

Durene, etc. 

g;oHh 

60° 

190 


5. Naphthalene Series, CuH 2 n-i 4 . 



Porn ml a. 

Melting Point. 

Boiling Point. 
°C. 

Naphthalene, etc. 


80" 

218 


6 . Anthracene Series, CnH2n-2o- 


i 

Formula. 

Melting Point. 

Boiling Point. 
°C. 

Anthracene, etc. 


213° 

360 


7. Phenols. 



Formula. 

Melting Point. 

Boiling Point. 

°C. 

Phenol or Carbolic acid 

C„Hr,OH 

41° 

184 

Gresols :— 

C 7 H 7 OH 

— 

— 

Ortlio .... 

— 

31° 

168 

Meta .... 

— 

3° 

201 

Para .... 

1 

36° 

198 


8. Naphthols, CioH.OH. 



Formula. 

MeLing Point. 

Boiling Point. 
°C. 

Alpha. 


95° 

282 

Beta. 

— 

122 ° 

288 
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9. Nitrogenous Bases. 



Formula. 

Melting Point. 

Boiling Point. 
°C. 

Pyridine .... 

etc. 

CsH.N 

Liquid 

115 


Coal tar is distilled in large iron retorts set in brickwork 
and heated by an open fire, Fig. 10; in some cases con¬ 
tinuous retorts are employed in which there is a constant 
flow of the oil from one chamber to another in a vertical 



column. The vapours are condensed in a coil of iron pipes 
kept cool by a constant flow of cold water. In the early 
part of the distillation up to a temperature of 100” C. the 
“first light oils” pass over together with water and ammonia, 
this period being marked by unsteady ebullition, after which 
the distillation proceeds very regularly, the second light 
oils ” passing over till a temperature of 210” is reached, when 
the distillate is run into another receiver. '' Carbolic oils 
pass over between 210” and 240°, creosote oils from 240° to 
270°, and anthracene oils above 270°. The distillate is stopped 
when sufficient has passed over, leaving a residue of “ as¬ 
phalt,” soft ” or ‘'hard” pitch according to the amount 
left in the still. 

Coke oven tar is somewhat similar to gas tar, but 









STTBSTANCES USED IN THE PBEPAEATION OF LUBETCANTS. 71 

With a greater proportion of the creosote and anthracene 
; in ordinary coal tar these amount to about 8*6 
and 17*4 per cent, respectively, whereas in coke oven tar 
the proportions are about 14*5 and 27*3 per cent, respec¬ 
tively. 

Ooal^Tar Oils ,—The coal-tar oils most suitable for the 
manufacture of lubricating greases are those known as 
‘'anthracene oils,” boiling between 300° and 360° C., but it 
IS necessary to remove all traces of phenols or “ acids ” by 
treatment with soda. They are then cooled to a low 
temperature and the solid naphthalene and anthracene 
separated out by filter pressing. The oils have a very high 
gravity, exceeding 1*0 and low solidifying or setting point, 
•i.e. l)elow —10° C- On heating to a high temperature they 
form very viscous products. During the war large quantities 
of this oil were manufactured in Germany, and it is estimated 
that 150,000 tons of the oil could be produced annually in 
that country. 

For the manufacture of greases the expensive process of 
refining with alkali need not be resorted to as the acids can 
be neutralised by the addition of lime. 

Shale Oils .—The manufacture of oils from bituminous 
shale by distillation has been practised for a long period on 
a small scale. In 1694 a patent was granted to Hancock, 
Portlock and Martin Eele for the manufacture of ‘‘pitch, tar 
and oils"’ from a kind of stone. Messrs. Betton of Shrews¬ 
bury, in 1716, and also the Earl of Dundonald, in 1781, were 
(uigaged in the distillation of illuminating oil from shale. 
In 1824 patents were granted in France to M. Cherveau and 
in 1832 to MM. Blum and Moneuse for a similar purpose. 
At the factory of the latter at Autun, Saone-et-Loire, the 
distinguished chemist, Laurent, and subsequently Selligne 
considerably improved the method of distillation and subse¬ 
quent purification of the oil, the latter during the years 
1838-43 producing about 15,000 barrels of oil. 

The modern development of the shale oil industry, how¬ 
ever, is entirely due to the labours of James Young of Glas¬ 
gow. Young’s attention was first drawn in 1847 by Dr. 
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Lyon Playfair to an exudation of petroleum in a coal mine 
near Alfreton, Derbyshire, and on examining this oil found 
it to contain solid paraffin, which at that time was a compara¬ 
tively unknown substance, and he immediately establishcnf a 
works for refining the oil and extracting the paraffin. The 
supply of oil, however, became exhausted in a few years. 
Young then commenced the manufacture of oil from coal 
and shale and took out a patent in 1850 for the manufacture 
of ''paraffine or an oil containing paraffinefrom bituminous 
coal. The Young’s Mineral Oil Company’s works at Addie- 
well and Bathgate in Scotland soon became famous, and other 
companies were started with works situated in Midlothian and 
Linlithgowshire, Lanarkshire, Pifeshire, and Ayrshire. The 
industry grew very rapidly so that in 1873 7000 men were 
employed, the amount of shale distilled being 800,000 tons, 
yielding 30,000,000 gallons of crude shale oil, which on treat¬ 
ing produced 12,000,000 gallons of refined oil, together with 
naphtha, paraffin, and other products.^ 

At the Bathgate works the material distilled was known 
as Boghead or Torbanehill mineral, which was more of the 
nature of a cannel coal than a shale, as it yielded a remark¬ 
ably high percentage of illuminating gas and also a consider¬ 
able amount of oil and paraffin. This material has, however, 
been long exhausted. 

The yield of oil from various materials is given in the fol¬ 
lowing table (page 73). 

A considerable amount of oil shale is now distilled in 
Australia. 


Chemistry as Applied to the Arts, p, 5S1. 
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Yield of Crude Oil, etc. from Various Products (Gesner). 


Locality. 

Volatile 

Matter 

Per Cent. 

Coke 

Per Cent. 

Yield of 
CVude Oil 
Per Ton. 

England, 

Derbyshire. 

48*36 

53 

Gallons. 

82 

Wigan (cannel) .... 

44 

56 

74 

Liverpool „ . . . 

39 

61 

50 

Poole (shale). 

42 

58 

50 

Newcastle. 

35 

65 

48 

Scotland, 




Boghead . 

70*10 

29*90 

120 

Cannel. 

38 

62 

40 

Lesmahagow . . . . 

51 

49 

96 

Colonial, 




Albert coal, New Brunswick . 

61*05 

30*65 

110 

Asphalt rock ,, . . 

Pictou (shale), Nova Scotia . 

43 

67 

64 

27 

73 

47 

Americ'i. 


38*55 

130 

Breckenridge .... 

61*. 0 

Onachita river (Askansas) 

60 

40 

64 

Ritchie County, Virginia (bitumen) 

— 

— 

170 

Bitumen, Cuba 

71 

29 

120 

,, Trinidad 

38 

52 

70 

„ Canada .... 

70 

30 

118 

Illinois (gas stone) .... 
California. 

26 

Limestone 

18 

70 

30 

116 


In the shale oil works the following products are manu¬ 


factured :— 


Density. 


1 . Sulphate of ammonia 

2. Gasoline 

3. Naphtha 

4 . Lamp oil 

5. 'Lighthouse oil 

6 . Lubricating oil 

7 . Oil for gas manufacture 

8 . Green oil 

9. Paraffin 

10. Tar 

11. Coke 


0-660 

0-730 

0-800-0*830 

0*870 

0*870-0*880 

0*900-0'910 

0*915-0*930 


The yield of products varies with the type of retort and the 
method of distillation. The following is the comparative yield 
of products obtained by distilling 1 cubic metre (1100 to 
1200 kilograms) of the same French shale in French and 


Scotch retorts :— 
Crude oil 

Ammoniacal liquor . 
= Sulphate of ammonia 
Permanent gas . 
Paraffin 


French Ketort. 
40-70 litres. 

30-65 „ 

5-6 kilos. 

25-30 cubic metres. 


Scotch Retort. 
100-125 litres. 
70-150 „ 

10-11 kilos. 

10 kilos. 











/■I THK MA\I !'<i|* fJ - M UK VAX'I’H. 

Th(5 iK<’n*aHf‘(l yit^ldn with ihi* St-iUfli ri*iuri an* c|ut» t() ilio. 

iiijtH’iiKU nf HU|H*rhi‘at<'(i atraiu. 

nlialc is tit-sirui-tivrly duUtihsl in hurr/,<iiiiiil t»r vertical 
rrtnrts at a. l»»w rrit hrat. 'Thr !Vil!<»\vin!^ [>aj1irttlar.s an^ 
mnnily Ktk4*n IVtun aai uiii*n‘:*.f hi*: aiTimtii hy IK ll Hiaw’art 
(>r tin* shah* oil uulHstry a^ rarnisl on at Hroxhum.^ 
rntortH usoil at tJroKhurn an* ! hattlorsHH'ri haJaait UntortH of 
ca-Ht iron art vrrtioally in tlio fnrnaoi'. 'rhrjio itn* t»val, IT) 
hM*t loru{ ami ihi foot hy I foot iit oval sortioin iiinl am sot in 
l)onc’hoH. 'riio oharuo por rofort i'* iH out. of Hha.!i% whic*Ji 
n*t|uin‘H Ifihonrs for tho dnUillafion. tlio rrsitluf* uoiitainin^^ 
I‘2 prr (satt. <»f carhon is dropped int,» fhi* firophus* and uHod 
as fuol. d’ho pmuanont ‘^asos aro al ,u !i*d tu f hi* fjn*pIa(a‘-H 
ami hnrnf. 'I’lio pnidtiols art* UhI ♦»(! hy a pipt* at tho 
hotfiom of tho ro{t»rt, and aiporhoatod itt ani is li*d m (inriii|^ 
distillation to losson tlm doooinpoation «if tho oils hy 
Hvv(a*jdn‘t Ihmu out quioldv. ddn* pa sot. aro h*d to thn mairiB 
aaid tlio ('omhaisors, tho latior hoino u uaaos td' vortical iron 
pipoH cciolotl hy oiiiitaot with tho atmo-iphor«s d’ho produutH 
run Inun tho oomlom-iii's ta storaj^o lanks. am, <um 

plcjyod to draw' th«* ‘ja sos through tho apparatus, 
liroxhurn shah^ yiidds <in tlrstdlfition : 


Hrtulf^ Mil , , la 

AmtiiMniii vviUMi' . . , h 

, 'K 

Null VMlfUili' (ijw’til, ilMiluj 

OmihUu sliliiii , . , *1 

A'*u ... . ' f;v 

vu 


u«» 

An avoraru* Sia»tidi shalo pavo on analysiH tin* fcdlowinp 


hpuroH; 

J Vr ( 

S|M<rilif ai'avitv , , , , . . . 1**47Y 

^n»i^a.ur«» , . , , , ■ , if'Sl 

ddu* dry shalo yioldnl : 

VoltUilt* maitiM' . , , . , , 

I’Ht’lmil I'M'i!) 

•Vih . . 1 f;:l'74 




‘ l>, H SKHVitrl, JifUi. Si>i\ ('hfut, |HH*U |UI, 




SITBRTANCER USED IN THE EEEPARATION 01^ LUBRICANTS. 75 

The yield of products per ton of shale is 80 gallons of crude 
oil, 65 gallons of ammonia water, and 2000 cubic feet of gas. 
The crude oil has a dark green colour and is semi-solid at 
the ordinary temperature but becomes fluid on gently warm¬ 
ing. It has a specific gravity of 0’8()5 to 0’890. 

The oil is distilled several times to obtain the different 
fractions, and the distillates are purified by treatment with 
sulphuric acid followed by caustic soda, and redistillation. 
The stills used for the separation hold 2000 gallons of 
oil and are connected in series of three with coking stills 
at each side and coil condensers. The flow of oil is 
continuous. The first fraction known as '' green naphtha ” 
has a specific gravity of 0*753, the second fraction 
0*835, and the oils passing from the coking stills a 
specific gravity of 0*965. The capacity of a set of stills is 
35,000 gallons per day. The crude oil distillation is a parti¬ 
ally destructive one and the effect of the heat is restrained by 
the introduction of the right proportion of superheated steam 
introduced directly into the oil. The amount of paraffin found 
in the crude oil by bungler and Boehm’s method is about 8 
per cent, but quite 12 per cent, is extracted from the distil¬ 
lates. The heavy oils containing the paraffin are cooled 
by refrigeration and filter-pressed for the extraction of the 
paraffin. The paraffin scale in the cloths is subsequently 
purified by sweating out the more fluid product or by crystal¬ 
lising from naphtha. 

The lubricating oils obtained from shale have a flash 
point between 320” and 400° F. 

The following products are obtained from the crude oil:— 


BroxJmr'n 

Crude Oil. 

Per Cent. 

Naphtha .... 
Burning oils :— 

. 

. 5-0 

Bofcroline, specific gravity 0*800-0*8121 

■ . . 87*28 

p 

O 

0*808-0*810 

Lighthouse oil, ,, , 

0*810 

. 17*40 

Lubricating oils . 


Solid paraffin 


. 12-52 

Lohh ..... 


. 27*80 

100-00 
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Young's Paraffin Light and Mineral Oil Cos’ Crude OIL 


Per Cent. 

Gasolene 0*25 

Naphtha, specilic gravity 0'700-0'706 .... 5*75 

Burning oils :— 

No. 1, specific gravity 0*802*0*804, Flash point llO'’'! 

No. 2, „ „ ' 0-810-0*812, „ 100^ 

Crystal No. 1 \ 38-00 

Lighthouse oil, specific gravity 0*810-0*820, 

Flash point 140" | 

Lubricating oil.14*50 

Paraffin.11*00 

Loss.30*50 


100*00 


Ill 1889 there were in Scotland fourteen companies, with a 
total capital of £2,000,000, engaged in the distillation of shale; 
nine of these carried on refining themselves, and the number 
of men employed was 10,000. The quantity of shale dis¬ 
tilled equalled 2,000,000 tons per annum, yielding 60,000,000 
gallons of crude oil, the value of the refined products being 
approximately £1,500,000.^ 

Lignite Oils ,—The bituminous lignite or brown coal 
found in the province of Saxony in the Halle district is 
distilled for the production of oils and paraffin in a similar 
manner to the Scotch shales. 

The main product of the distillation is lignite tar which 
is yellowish-brown or dark brown in colour, melts at 25° to 
35° C. and has a specific gravity of 0’850 to 0*910 at 44° C. 
On heating, the products commence to pass over at 80', the 
main portions distilling between 250° C. and 350° C. 

The tar is distilled in large cast iron retorts heated by fires 
either at the ordinary pressure, under a partial vacuum 
or with the aid of superheated steam. 

The products obtained are :— 


Water 
Crude oil . 
Paraffin mass 
,, grease . 
Red product 
Coke . 

Permanent gas . 


small quantity 
33 per cent. 



The oil after chemical treatment is redistilled and separated 
into fractions according to gravity. Benzine, specific gravity 


^ Stewart, ibid. 
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0’790 to 0'81(), boiling point between 100° and 200° C., flash 
point 25° to 35° C.; solar oil, specific gravity 0'830 to 0*840, 
pale vaseline oil, specific gravity 0*900 to 0*920, and paraffin 
mass from which paraffin is obtained by pressing, red oil or gas 
oil, etc., and a tarry residue, known as “ goudron'’ used for 
fuel purposes. 

The products obtained from lignite tar are as follows :— 


Light lignite tar oil bon/ine, Sp. gr. 0-780-0*810 

Solar oil.. 0-825 0-880 

Heavy naphtha . . . 0*848 0*880 

Gasoil.. 0 880-0 900 

Heavy oil. 0*890-0-905 

Hard paraffin. 

Soft „ . 

By-products (Creosote oil, etc.) . . . . 

Water, gas, and loss. 


2-3 per cent. 

2- 3 ,, ,, 

10-12 „ „ 

30-35 ,, „ 

10-15 , „ 

8-12 „ „ 

3- 6 ,, 

4- 6 „ 

20-25 „ „ 


]^\)r further information on this subject see Shale Oils 
and Tars, by Dr. W. Scheithauer (published by Scott, 
Greenwood & Son). 

lio,9m.-—Quite a number of resinous products occur in 
commerce, the products of various trees, but the only one used 
in compounding lubricants is common rosin which is obtained 
from various species of pine, fir, and larch by cutting through 
the bark. From the wounds thus made a semi-fluid gum 
resin exudes known as turpentine or galipot. This material 
is collected in cups, and when sufficient has accumulated it is 
distilled over a fire by the aid of a current of steam, when 
spirits of turpentine passes over, leaving the rosin in a molten 
condition in the still, from which it is tapped off into barrels. 

The greater part of the rosin on the market comes from 
the United States, being the product of several species of pine, 
mostly the swamp pine, Pimos palustris or P. Australis, 
bh’encb rosin is obtained from P. maritmia. The natural 
turpentines yield 75 to 80 per cent, of rosin and 15 to 20 per 
cent, of volatile oil. The rosin varies in colour from very 
pale yellow to dark brown or almost black and is transparent 
to opaque. It has a peculiar fragrant odour, breaks with a 
conchoidal fracture, and is easily pulverised. It usually con¬ 
tains some impurities such as particles of wood bark, etc. 

Eosin has acid characters and is largely composed of 
abiotic acid (Cii,HuyOij) or sylvic acid (CgoHaoCa) ; by some it 
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is regarded as being composed of the two acids dextro- and 
Isevo-pimaric acids (CgoHgoO^), while others assume that its 
chief constituent is an anhydride of one or other of these 
acids. 

When rosin is heated with solutions of caustic soda or 
caustic potash it forms easily soluble salts which are known 
as rosin soaps. In the solid state these are soft and pasty 
and cannot be used alone, but in association with fats it 
yields cheap and excellent yellow bar soaps which are em¬ 
ployed on a very large scale for household purposes. 

Kosin behaves as a monobasic acid, therefore its combina¬ 
tion with soda may be represented by the following equa¬ 
tion :— 

HCs.HsA + NaHO - NaO^oHagOa + H 2 O. 

The saponification value of rosin is about 170, therefore 
100 parts of rosin will require about 17 parts of caustic 
potash or about 12 | parts of caustic soda for complete 
neutralisation. Eosin will also form soaps by heating with 
solutions of the alkaline carbonates, carbonic acid being 
evolved. 100 parts of rosin would require 21 parts of car¬ 
bonate of potash (K 2 CO 3 ), 16*3 parts of carbonate of soda 
(Na 2 C 03 ), or 43*4 parts of washing soda, Na 2 C 03 . IOH 2 O, for 
complete neutralisation. 

Eosin may also be made to combine with lime or oxide of 
lead, etc., by heating them with the rosin and water, but as 
this is a rather slow process the insoluble rosin soaps are 
usually prepared by double decomposition, using solutions of 
an alkali rosin soap and a salt of the metal, when the insoluble 
rosin soap separates out and is collected on a filter cloth and 
dried. 

The lime soap is very often used in preparing viscous 
lubricants such as cart greases, etc. On heating it with 
mineral oils it dissolves, yielding a clear, very tenacious, 
sticky product. 

Rosin Oils .—When a rosin is heated above its melting point 
it begins to decompose and liberates gases and vapours, the 
latter condensing, when cooled, into liquid and solid products. 
This decomposition by heat is known as ‘‘ dry or destructive 
distillation,'’ and is performed on a large scale in the case of 
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pine rosin. The oily products thereby obtained are known 
in commerce as resin oils, or rosin oils. 

These oils consist chiefly of hydrocarbons, with which a 
varying amount of acid substances is always associated, which 
acid substances would corrode the metal of machine parts 
and form thick or soapy compounds, greatly retarding the 
w'ork of lubrication. 

In order to obtain a rosin oil free from these objection¬ 
able properties, the distillation process must be conducted in 
such a manner that the distillate is entirely free from acids. 
This is accomplished by adding a proportion of quicklime to 
the rosin in the still, this addition fixing the acids already 
present in the rosin or formed during distillation, and allowing 
a rosin oil to distil over perfectly free from acids, and there¬ 
fore capable of being used as a lubricating oil without risk. 

Since the introduction of large quantities of excellent 
American rosin at low prices into the European market, this 
substance has been extensively used, and the dry distillation 
of this rosin is made to furnish a whole series of chemical 
products, used partly for lighting, as solvents in varnish¬ 
making, as asphalt substitutes, and finally as a very important 
ingredient of many lubricants. The quantity of the products 
obtained by distilling a given weight of rosin varies according 
to the speed of distillation, and also according to the nature 
of the rosin itself. As a general rule, 1000 parts by weight of 
rosin will furnish— 


Light rosin oil and acid liquor .... 8S-1(X) 

Heavy rosin oil. 730-500 

Asphaltic residue.110-182 


The proportions 

of the products vary according to the 

nature of the rosin and the conditions of distillation. Thus 
by quick and slow distillation the foliow’ing results w^ere ob- 

tained :— 

Quick Kstillation. 
1350 Parts of Rosin 
Yielded. 

Slow Distillation. 

1325 Parts of Rosin 
and 13 Parts of 

Lime Yielded. 

Rosin spirit . 

30 parts 

30 parts 

Blonde oil 

. 975 „ 

250 „ 

White oil 


400 „ 

Blonde oil . 

— 

160 „ 

Blue oil 

. 100 parts 

140 „ 

Green oil 

— 

80 „ 

Pitch and loss 

. 221 parts 

278 „ 
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The volatile distillates, consisting partly of unaltered oil of 
turpentine that was present in the rosin, are used for lighting 
purposes, and as an excellent solvent for rosin in varnish¬ 
making. The heavy oil is refined by repeated fractional dis¬ 
tillation and treatment with soda lye, the crude rosin oil 
having a disagreeable smell, a yellow to brownish colour, and 
a blue or green fluorescence. In refining the light rosin oil, 
the products comprise pinolin and a violet oil which changes 
to blue in the air—the so-called train oil or cod oil, which 
forms a very important component of many lubricants. 

Eosin oils have a high specific gravity and a characteristic 
odour ; they are also strongly fluorescent. They consist to a 
large extent of hydrocarbons with a lesser or greater pro¬ 
portion of rosin acids, which may have distilled unchanged 
or may have been formed during the distillation. They are 
usually known as “soft,*' “medium” and “hard” oils ac¬ 
cording to their characters, the hard oils containing more 
acid than the soft. 

Lewkowitsch^ gives the following particulars of these 
oils :— 


Soft . 

Medium 

Hard 


Siccative 
Extra hard 


Specific 
G-ravity 
at 60° f. 

Rosin Acids, 
Calculated to 
Combining 

Weight 346. 
Per Cent. 


0-9878 

9-2 

0-9946 

26-3 

0-9974 

31-2 

0-9877 

10-6 

0-9890 

20-3 

0-9982 

18-6 

0-9955 

4-9 

1-0115 

18-4 


On heating rosin oil with lime the acids combine with it, 
yielding lime soaps which thicken the oil. Eosin greases are 
thus prepared by heating a mixture of rosin oil, mineral oil 
and dry slaked lime. 

Both solid and liquid lubricants can be prepared from rosin 
oil, and, by the addition of suitable adjuncts, the consistency 
can be varied to any desired degree. This constitutes a great 
advantage for the various purposes the rosin oil is intended 
to serve. 


^Chemical Technology and Analysis of Oils^ Fats and Waxes^ 1913, 
Vol. I., p. 609. 
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Thus, by the addition of suitable quantities of alkaline 
earths, rosin oil can be modified to form viscous to semi-solid 
masses. The alkaline earths employed for this purpose are 
calcined magnesia and lime. 

For reasons of economy, however, the use of calcined 
magnesia has been abandoned, since the same results can be 
obtained by the cheaper and more easily procurable lime. 

The Preparation of llosin Oih —Kosin oil is so extensively 
used in the production of lubricants that it seems advisable 
for manufacturers who are working on a large scale to prepare 
this ingredient themselves and sell the by-products. Origin¬ 
ally the stills used for distilling rosin were of the usual simple 
form, heated by direct fire and connected with an ordinary 
condensing coil. Owing, however, to the fact that rosin is a 
very poor conductor of heat, the melted rosin at the bottom 
of the still easily became overheated, with the result that a 
large quantity of gas and pitch, but only a comparatively 
small amount of rosin oil, was produced. 

To overcome this defect it is preferable to distil the rosin 
with the assistance of superheated steam exclusively, since 
this method gives the highest yield of rosin oil and entirely 
obviates the fire risk which is so imminent in the case of 
stills heated by direct fire. 

When low-pressure steam (l^- to 2 atmospheres) is passed 
through a coiled pipe mounted in a furnace and heated to 
redness, steam at a temperature of 850'’ to 400° C. is easily ob¬ 
tained, i.e. much higher than is needed for the distillation 
of rosin. When this steam is passed in a suitable manner 
through the still, it will accomplish the dry distillation of 
the rosin ; the operation can also be kept under perfect con¬ 
trol by increasing or diminishing the supply of steam. A 
still for distilling rosin by superheated steam is shown in 
Fig. 11, means being provided for separating the distillation 
products according to their different boiling points. 

The high cylindrical still is set in brickwork, so that the 
hot gases from a fire underneath (but out of direct contact 
with the still) can circulate round the still walls. The fire 
is used for heating the superheated pipes, the hot gases not 
being passed through the flues surrounding the still ui.til 
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the}’' have traversed the superheating chamber. The super¬ 
heated steam traverses a coiled pipe mounted inside the still 
and discharging near the hood of the latter. It is also ad¬ 
visable to have a circular, perforated steam coil in the 
bottom of the still, so that superheated steam can also be 
forced through the mass of melted rosin. 

The distillation products traverse a system of condensing 
U-tubes, the bottom connections of which are fitted with 
draw-off tubes for the condensed distillates. The least vola¬ 
tile products condense in the tubes nearest the still, whilst 
the lighter distillates are condensed in the water-cooled 
tubes farther away, and the lightest of all in the condensing 
coil, leaving the gaseous products alone to escape from the 
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latter. These gases being combustible, are utilised by burn¬ 
ing them under the boiler. 

In order to reduce the waste of material to a minimum in 
the dry distillation of rosin, it is advisable to raise the tem¬ 
perature of the molten rosin gradually, and continue the heat 
until the amount of distillate passing over is found to have 
become very small. 

Paraffin is a semi-transparent wax-like solid obtained by 
cooling the high boiling point fractions of shale oil and 
petroleum and filtering off the ‘‘ scale The paraffin wax is 
then purified by dissolving in hot petroleum naphtha and 
allowing to crystallise out by cooling. Crude petroleum 
yields about 2 per cent, of paraffin, while shale oils yield 
about 12 per cent. The specific gravity of paraffin varies 
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from 0’8236 to 0*940 and its melting point ranges from 28*" 
to 62'' C. The paraffins of high melting point are obtained 
by the partial liquefaction of cakes of paraffin in stoves kept 
at certain temperatures, so that the more fluid portions are 
liquated out and flow away. By this means paraffin of any 
desired melting point may be obtained. 

Paraffin consists of the higher members of the paraffin 
series of hydrocarbons from C 15 H 32 upwards. 

Melted paraffin mixes easily with oils in all proportions, 
the products becoming pasty on cooling. 

Mixed with heavy petroleum oils it forms petroleum 
jelly,’' an artificial product resembling ''vaseline” in appear¬ 
ance but differing from that material in the fact that on 
standing the oil gradually separates out. 

Paraffin is used in the preparation of many lubricating 
greases, imparting body and consistency to these products. 

Solid paraffins or " ceresins ” of very high melting point, 
from 61° to 78° C., are obtained by treatment of the mineral 
"ozokerite” with boiling sulphuric acid, the residue being 
filtered through animal charcoal to decolorise it. The yield 
is about 70 per cent. The specific gravity of ozokerite paraffin 
or ceresin varies between 0*918 and 0*922. 

A similar material known as "montan wax” is obtained 
from lignite. 

Asphaltuvi is obtained from the pitch lake of Trinidad, 
from the Dead Sea, Altona in Albania, Coxitambo in South 
America, etc. It is a blackish-brown substance, hard and 
brittle, and breaking with a lustrous conchoidal fracture. 
Its specific gravity is 1*00 to 1*20 and on heating it melts 
to a black fluid at a moderate temperature. Asphaltum is 
soluble in turpentine and benzene and is employed in the 
manufacture of black varnishes, particularly that known as 
Brunswick black. It is not much used in the manufacture 
of lubricants. It is regarded as formed by the oxidation of 
petroleum. 

Caoutchouc or Indiarubber is obtained by coagulating the 
"milk” which exudes on wounding the rubber tree (Hevea 
Brasilensis), a native of Brazil, and from other trees. Much 
of the rubber now obtained, known as "plantation rubber,” 
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comes from large plantations under cultivation in Java, 
Sumatra, and the other islands of the Malay Archipelago. 
Indiarubber is a hydrocarbon being regarded as 

formed by the polymerisation of isoprene (C 5 H 8 ). It is not 
directly soluble in oils, but by heating with them to a high 
temperature may eventually dissolve after decomposition. It 
swells up and eventually dissolves in coal tar naphtha and 
in carbon bisulphide. 

Guttapercha is a similar product obtained from Dichopsis 
gutta, a tree growing in the Straits Settlements and the 
Malay Archipelago. Guttapercha consists also of a hydro¬ 
carbon (CioKTiob together with its oxidation products. It 
differs from rubber in that it is not elastic and that it 
becomes pasty on heating in boiling water and can then be 
readily moulded, becoming hard again on cooling. 

Both indiarubber and guttapercha have been used in 
preparing lubricating oils with the idea of rendering them 
more viscous, but it is doubtful if they have any real value. 




CHAPTEE IV. 


SUBSTANCES USED IN THE PREPAEATION OP LUBRICANTS 

(Continued). 

Soaps. 

Soda Soaps .—When a fatty oil is heated with a caustic 
alkali it is ''hydrolysed ” or "saponified,” the glyceryl being 
replaced by the alkali metal so that salts of the fatty acids or 
" soaps ” and glycerine result. The change which takes place 
may be represented by the following equation in which olein 
and caustic soda are employed :— 

C 3 H,(Ci,H 330,)3 + 3NaHO = 3 NaC,sH 3302 + C 3 H,(OH) 3 . 

Soda soaps are solid at the ordinary temperature and are 
known as " hard ” soaps, while the potash soaps are for the 
most part soft and pasty and are known as "soft” soaps. 
The characters of the soaps, however, vary very much accord¬ 
ing to the nature of the oils used in their manufacture. Oils 
are not pure glycerides of any one fatty acid, but usually two, 
three, or even more different fatty acids are present in each 
oil, nor is it usual, although there are a few exceptions, to 
employ any one fat or oil in soap making; usually two or 
more are employed in order to produce certain desired 
characters in the finished materials. 

Castile or Marseilles soap is usually made from olive oil 
of commercial quality. It is a white, cream coloured or 
green very hard soap, easily soluble in water. 

The original Castile soap had a reddish mottled appear¬ 
ance, due to the impurities, chiefly oxide of iron, in the 
" barilla ” or sea-weed soda first employed. Since the intro¬ 
duction of the purer soda made by the Leblanc and other 
methods this mottling has been imitated, if one can call it 
invitation, by disseminating blue powder through the mass of 

r85^ 
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mottled soaps. These soaps are still extremely popular, 
although the mottling is merely a sentimental survVal relat¬ 
ing to conditions which passed away long ago. 

The ordinary soaps are made from mixtures of tallow, 
cottonseed oil and palm oil. Tallow alone forms a very 
hard soap, cottonseed oil yields a soft soap, palm oil a 
medium hard soap. The three blend together very well. 
Coconut oil is easily saponified and yields a very hard soap, 
easily soluble in water. Castor oil also forms a hard soap, 
very easily soluble in water, but this soap is only used for 
special purposes. 

Analyses of hard soaps are given below. It will be seen 
that commercial soaps contain a considerable proportion of 
water; freshly made soaps usually contain more than 80 per 
cent. 

There are two ways of making soaps, the cold process ” 
and the “boiling process”. In the cold process the fat or 
oil is heated to about 120” F. and the alkaline lye, which is 
a concentrated one, is brought to a temperature of about 80° F. 
The two are then intimately mixed and the mass is kept in 
a warm place for twenty-four to forty-eight hours when 
saponification will be complete and a hard soap results. 
This soap contains the glycerine and any impurities in the oils 
and fats. In the boiling process the oils are heated first with 
weak alkaline lyes and as saponification proceeds the lyes are 
strengthened until the soap is nearly fully formed, after which 
common salt is added, the soap being precipitated out in the 
form of curds which rise to the surface. The waste lye is then 
drawn off carrying in solution the whole of the glycerine 
and impurities, the soap is then “fitted” or finished by 
boiling with further additions of weak alkali until saponifica¬ 
tion is complete. Most of the hard soaps of commerce are 
made by the boiling process and are free from glycerine, which 
is recovered from the waste lyes by concentration and dis¬ 
tillation. 

Potash Soaps .—The potash or “ soft ” soaps are made by 
boiling oils with caustic potash lye until saponification is 
complete. The potash soaps cannot be salted out, hence they 
£|,re evaporated until the mass fo^s a stiff jelly on cooling, 
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Soft soaps are usually made from oils, the best kind of soap 
from olive oil, but the principal oil used in their manufacture 
is linseed oil. Whale oil forms a good soft soap while the 
ordinary fish oils are employed in the manufacture of the 
commoner varieties. 

Some of the soft soaps on the market are prepared from 
a soda soap by adding sufficient water to convert it into a 
pasty mass. The amount of water in such soaps may be 
50 to 75 per cent. 

The following are analyses of various kinds of soap :— 




N eiitral 
Fat. 

liosin. 

Coni- 

l)iiied 

Alkali 

Na..O. 

Free 

Alkali 

NaoO. 

Glycerin, 
etc. 

Salts. 

Water. 

Primrose soap . 

4:7-32 

0-46 

16-16 

7-:2 

0-25 


0-21 

28-48 

Castile soap 

62-87 

0-52 

— 

8-45 

1-14 

— 

2-31 

24-71 

Cold-water soap . 

45*12 

— 

22-36 

9-27 

0-34 

— 

0-58 

22-33 

Toilet soap 

84-24 

— 

— 

10-49 

— 

1-32 

0*31 

3-64 

Marseilles soap . 

63-74 

1-01 

— 

7-42 

0-81 

,— 

1-38 

26-64 

Tallow-curd soap 

63-69 

— 

Silicate 

7*51 

0-54 

Colouring 

1-25 

22-01 




. of soda 



matter 



Mottled soap 

46-79 

— 

2*14 

5-61 

0*48 

0-82 

1-21 

42-95 

Silicated soap 

68-50 

— 

3-45 

7-28 


_ 

0-62 

20-15 



Silicate, 

carbonate, 










etc. 






Sizing soap 

30-49 

— 

10-98 

4-78 

— 

2-66 

— 

51-09 

26-50 

— 

— 

3-81 

— 

— 

0*42 

69*27 

Mottled soap 

43-28 

1-51 

— 

6-28 

1-49 

— 

4-98 

37*43 


65-50 

— 

— 

7-28 

0-46 

— 

— 

26-76 

Pale soap . 

62-61 

Patty 

— 

— 

7-14 

0-10 

— 

0-73 

29*42 


and 



9-14 

— { 

— 

0 26 

21-76 

n n * 

rosin 

68-84 

— 

— 

— 

— 

— 


25-04 

Water, 

91 - 

65-36 

— 

— 

9-15 

— 

— 

0-45 

glycerin. 









etc. 

Soft soap:— 




K..0 

K.,0 




London make . 

46-00 

— 

— 

843 

0-42 

— 

— 

45-15 

Scotch make . 

45-30 



8*19 

0-50 

— 

— 

46-01 


The question which soap to employ in compounding a 
lubricating grease will depend upon the consistency required 
in the finished product. Naturally where extreme stiffness 
is required the soda soaps will be employed. Tallow yields 
the stiffest soap; olive oil forms a very hard soap, but the 
latter is not so viscous as a tallow soap when dissolved in 
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water. Coconut oil and castor oil soaps have very little 
viscosity. It may also be well to remember that oleates 
combine better with mineral oils than do the stearates and 
palmitates, in fact the last two are insoluble, hence an olive 
oil soap will blend better than a tallow soap. 

The ordinary yellow household bar soaps contain in 
addition to the fats and oils mentioned a certain proportion 
of rosin, usually amounting to about 25 per cent, of the total 
saponifiable materials. These soaps are cheap and they 
exhibit certain useful characters, notably easy solubility and 
great plasticity, which render them eminently suitable for 
preparing lubricating compounds. 

Lime Lime soaps can be prejoared by heating 

together a fat or oil, slaked lime and water, but this method 
is very slow and is rarely complete. The reaction may be 
shown by the following equation :— 

+ 3CaO + 3H,0 = 

3Ca(CisH,,0,)2 + 2C,H,(()H),. 

Since lime has the same molecular weight as caustic pot¬ 
ash, i.e. 56, the amount of quicklime required for completely 
saponifying 100 parts of oil would be 19-0 to 19*5, provided the 
lime was pure, which of course it never is. 

A better method is to add to a slightly warm solution of 
a soda soap a solution of calcium chloride in slight excess when 
the lime soap separates in the form of insoluble curds :— 

2 NaCisHy 302 + CaCl 2 = Ca(G,JI,,C)o), + SNaGl. 

The soap is washed with water, collected on a filter 
cloth, pressed and dried. 

Taking 100 parts of an ordinary soda soap containing 
25 per cent, of water the amount of dry fused calcium chloride 
required to precipitate it would be 13’7 parts. 

The soaps most suitable for this purpose are those of 
olive oil, linseed oil,rape seed oil, and rosin, since the calcium 
compounds of oleic, linolic, and generally of the liquid fatty 
acids, and rosin swell up or dissolve in mineral oils, whereas 
the calcium compounds of the solid fatty acids, palmitic, 
stearic, etc., do not. In the preparation of pasty or solid 
greases any soap may be employed. 
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Alumina Soaps ,—Alumina soap is prepared in a similar 
manner to the lime soap by precipitating a solution of a soda 
soap with a slight excess of alum :— 

6 NaC, 3 H 330 , + K,S04, Al^lSO^)^ = 

+ SNa^SO^ + K,SO,. 

100 parts of an ordinary soap will require 39 parts of alum 
for complete precipitation. 

Aluminium oleate is often used as a thickening agent for 
mineral oils. 

Magnesia Soaps ,—Magnesia soaps are usually prepared 
by precipitating a solution of a soda soap with a magnesium 
salt. Using magnesium sulphate (Epsom .salts) the follow¬ 
ing equation shows the reaction :— 

2 Na(C, 3 H 330 ,), + MgSO^ = Mg(Ci 3 H 3 A )2 + Na,SO,. 

100 parts of an ordinary soap will require 30*4 parts of mag¬ 
nesium sulphate (MgS 047 H 20 ) for complete precipitation. 

Magnesium oleate is also used for thickening mineral 
oils. 

Mineral Substances. 

Graphite or Black Lead .—Graphite is one of the forms 
of carbon which occurs as a mineral in various parts of the 
world. It was found of excellent quality at Borrowdale in 
Cumberland and w^as long used there in the manufacture of 
lead pencils ; it is also found in the Urals, Siberia, Canada, 
Ceylon, United States, etc. 

Graphite is a dark grey foliaceous shining mineral, smooth 
and slippery to the feel and making a grey black mark when 
rubbed on paper. It has a specific gravity of 2*0 to 2*5 and 
consists almost entirely of carbon when pure; usually, how¬ 
ever, it contains more or less hard particles of the rock from 
which it is obtained and from which it is separated by levi- 
gation with water. For the purposes of lubrication it should 
of course be absolutely free from gritty particles. 

Graphite is sometimes used alone as a lubricant, as for 
instance on the hoists used by well sinkers where wood rubs 
against wood, and also as a constituent in many lubricating 
greases, 
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The following are analyses by L. Archbntt of lubricating 
graphites supplied by the G-raphite Products, Ltd., Batter¬ 
sea ^:— 



Foliac 

Foliac 

Foliac 

Foliac 

Foliac 


Flake 

Flake 

Flake 

Flake 

Flake 


Graphite 

Graphite 

Graphite 

Graphite 

Graphite 


No. 100. 

B. 1371. 

No. 2. 

No. 1. 

No. 101. 

Moisture 

Further loss on heating 

1-2G 

0-32 

0*20 

0*29 

005 

5 minutes at faint red¬ 
ness in closely covered 
■ crucible 

0-09 

0-49 

0*42 

0*44 

0*34 

Mineral matter 

0*37 

4*79 

1*93 

9-87 

0*05 

Graphite (by diff.) . 

98*28 

94*40 

97-45 

89*40 

99-56 


100 00 

100-00 

100-00 

100*00 

100*00 

Composition of mineral 






matter 






Silica . . 'j 

Mainly 

ferric 

r 3*00 

1*0G 

4*84 

— 

Alumina . . 1 

1 0*67 

0*33 

3*32 


Ferric oxide . f 

oxide 

1 0*86 

0*46 

1*55 

— 

Lime, etc. (by diff.)l 

1 0*26 

0-08 

0*16 

— 



4*79 

1*93 

9-87 

_ - _ 





1 


With regard to the proportion of graphite to be used, 
3 per cent, on the weight of the oil is recommended. 

Artificial Graphite .—Graphite separates from certain 
varieties of cast iron on cooling by the excess of carbon sepa¬ 
rating out in this form; it is also produced on a very large 
scale in the electric furnace during the preparation of car¬ 
borundum by the method patented by Dr. Acheson. Dr. 
Acheson attempted to use this graphite for the manufacture 
of black lead pencils and for crucibles, but found that it was 
not suitable since it was amorphous and softer than the 
natural material. 

On the occasion of the presentation of the Perkin Medal 
to Dr. Acheson at the meeting of the New York Section of 
the Society of Chemical Industry on January 21,1910, in the 
course of a speech he referred to previous researches carried 
on by himself into the action of small quantities of organic 
substances, particularly gallotannic, upon the physical char- 

Memorandum on Solid Lubricants,” Depo/i’tmc7it of Semitific and 
Inditbtrial JEtei^earchj Bulletin No. 4, p. 11. 
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acters of clay. By such addition the plasticity of the clay 
was increased 300 per cent., it required about 60 per cent, 
more water to impart to it an equal fluidity, while the par¬ 
ticles of the clay became reduced to such a fine state of 
division that they remained suspended in water for an in¬ 
definite period and easily passed with the water through the 
pores of a fine filter paper. 

On further investigation it was found that similar effects 
were produced on lampblack, graphite, alumina, amorphous 
silica and other mineral products; also that extracts of straw, 
oak bark, spruce bark, sumac, tea leaves, catechu, some 
forms of dextrin, and the gum of the cherry tree conferred 
similar properties. 

Arising out of these investigations Dr. Acheson took out 
several patents for the “ deflocculation ” of amorphous 
materials including graphite. 

The United States patents No. 884,989 of February 17, 
1907, and 875,881 of January 7, 1908, relate to a method of 
deflocculating ” graphite, thus rendering it mixible with 
water, oil, etc., consisting in treating the graphite with a 
deflocculating agent such as gallotanic acid, the claim being 
made for this as a new product. 

U.S. Pat. 384,698 of December 5, 1907, relates to the 
preparation of non-aqueous mixtures by first preparing a 
mixture of the amorphous substance with an aqueous solu¬ 
tion of a deflocculating agent and subsequently displacing 
the water from such mixture with the non-aqueous liquid. 
Thus in the case of graphite, this is mixed to a paste with 
an aqueous solution of gallotannic acid which is then mixed 
with oil, the latter displacing the water thus forming an oil 
graphite mixture in which the particles of graphite remain 
permanently suspended. Subsequently Dr. Acheson named 
the aqueous graphite mixture‘‘aquadagand the oil mix¬ 
ture “ oildag and placed them on the market for lubricating 
purposes. 

L. Archbutt ^ has analysed a sample of Acheson graphite, 
No. 1340, with the following result:— 


1 Memorandum on Solid Lubricants,” p, 12. 
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Moisture. 

Loss on heating to faint redness .... 0-28 

Mineral matter . . • • • • • 

Graphite (by difference) 99*04 


100*00 

The mineral matter consisted mostly of alumina and 
oxide of iron, a little silica and lime. 

Analyses of “ aquadag ” and oildag ” by the same author 
showed the former to contain about 15 per cent, of matter 
insoluble in water, mostly graphite, while the ''oildag’’ con¬ 
tained about 10 per cent, of matter insoluble in ether, con¬ 
sisting mostly of graphite but containing some oil which was 
so firmly held that it was impossible to wash it out with 
ether. 

The proportions of ‘‘ oildag recommended by the Ache- 
son Graphite Co. to be added is 3 or 4 drops to 5 or 
6 ounces of the oil. The two are shaken together and 
allowed to stand, when there should be no separation of 
graphite to the bottom of the bottle if the oil is suitable. 
Small quantities of electrolytes such as acids and alkalies 
cause precipitation of the graphite. 

In a paper read before the American Electrochemical 
Society,^ Dr. Acheson stated that an oil suspension contain¬ 
ing O'5 per cent, of deflocculated graphite was suitable for 
lubricating purposes. Comparative tests made by G. H. 
Benjamin with spindle oil containing the above quantity 
showed a decrease in the coefficient of friction of 65 per 
cent, as compared with the oil alone, while after 60 minutes’ 
running the coefficient had dropped to 55 per cent, of that 
of the oil. At the end of this period the coefficient of friction 
with the oil alone increased to the extent of 54 per cent., 
while the increase with the graphite mixture amounted only 
to 30 per cent. After cutting off the supply of lubricant 
with the oil alone the coefficient of friction increased by 
125 per cent, after 30 minutes’ running, whereas with the 
oildag the rise increased only 14 per cent, in 80 minutes. 

Dr. Acheson also states that measurements of the cle- 

Electrochem. and Met. Indt., 1907, 5, 462-53, 

^^our. Soc. Ghem. Indt., 1911, 142-', 



SUBSTANCES USED IN THE PEEPARATION OF LUBRICANTS. 93 

flocculated particles by Mr. Alexander showed fche average 
size to be 76 millimicrons, linear dimensions which suggests 
their approximation to molecular dimensions. 

C. F. Mabery^ has made comparative tests in a Car¬ 
penter’s machine with hard Babbitt metal bearings, run at a 
speed of 450 revolutions per minute and at a pressure of 200 
lb. per square inch. The bearings were first lubricated with 
one of the best motor lubricants at a rate of 8 drops per 
minute. After a run of 2 hours the supply of lubricant was 
stopped, whereupon the oil film broke in 17 minutes. 
With the oil-graphite mixture containing 0‘35 per cent, of 
colloidal graphite under similar conditions, the coefficient of 
friction kept extremely low and very steady over a period of 
5 hours. Oil containing OT and O'5 per cent, of colloidal 
graphite did not work so satisfactorily. The graphite appears 
to form a smooth or ‘"graphoid” surface on the bearing, 
so that a lower proportion of graphite may be employed 
or less oil is needed, i.e. only as much as when the 
oil alone is employed. In the whole series of tests the 
maximum temperatures recorded never exceeded 65° C. 
‘"Oildag” is regarded as a very suitable lubricant for motor 
car engines, the ''graphoid ” surface formed on the bearings 
adding considerably to their wearing powers so that they 
last indefinitely. The chance of heating through irregular 
supply of the lubricant is entirely eliminated, while sudden 
strains on the bearings are better withstood than if an oil- 
film alone is present. 

Tests on oildag ” have also been carried out on a Lan- 
chester G-ear Testing Machine at the instance of the Depart¬ 
ment of Scientific and Industrial Eesearch,‘^ which showed 
a slight gain in efficiency. 

Steatite or Talc is a white, green or grey scaly or compact 
mineral which occurs in the Alps, in Tyrol, India, China, 
etc. It has a pearly or greasy lustre and a greasy feel, for 
which reason it is employed in the manufacture of lubricating 
greases. The specific gravity of the mineral is 2*56 to 2*80 

'^Jour. Ind. Eng. Ghem., 1913, 5, 717-23. 

Report of the Lubricants and Lubrication Committee,” Department of 
Scientific and Industrial Research, pp. 71 et seg. 
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and it has a hardness of 1*0. Talc is a hydrated silicate 
of magnesia, a sample from Tyrol having the composition 
silica 62*12, magnesia 31*15, ferrous oxide 1*58, and water 
4*73 per cent. This corresponds nearly with the formula 
H,SiO,. SMgSiO^. 

The name steatite is derived from stear the Greek word 
for tallow. Talc comes from the Swedish taelga ”—to cut, 
the mineral being easily cut with a knife. 

Soapstone is an earthy variety of talc, a white mineral of 
fatty appearance, and so soft that it can be cut into thin 
pieces which will mark cloth; it is used in the manufacture 
of slate pencils and for tailor’s crayons. In the state of 
powder it is used for dusting the insides of boots and shoes 
to make them slip on easily, also as a toilet powder for the 
skin. 

Mica resembles talc in appearance but has a different com¬ 
position, being a silicate of alumina and potash. It is in the 
form of glistening flexible scales and is harder than talc and 
not very suitable for use as a lubricant. 

SulpJmr is found naturally occurring in veins in volcanic 
districts, e.g, Iceland, Vesuvius, Lipari, and the Sandwich 
Islands. Large deposits of it are found in the United States, 
and it is also found running in veins through Tertiary strata 
as at Girgenti in Sicily. The rock, which contains 6 to 16 
per cent, of sulphur, is mined and the sulphur obtained from 
it by melting it out in kilns. 

Sulphur has a hardness of 1*5 to 2*5 and a specific gravity 
of 2*07. 

Much of the commercial sulphur is obtained artificially by 
treating alkali waste with carbonic acid under pressure, as in 
the Chance process. Sulphuretted hydrogen is evolved which 
is burnt in kilns with a limited supply of air, and sulphur is thus 
deposited partly in the powdered state, known as flowers of 
sulphur and partly in a fused condition, the latter being run 
out into cylindrical moulds, and then appearing as round or 
oval rods, known as roll sulphur or brimstone. 

Soda .—The ordinary soda of commerce is the carbonate 
of soda, which appears under three forms, as soda ash in 
powder, as crystal soda in very small crystals, and as washing 
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soda in very large transparent crystals which effloresce and 
become opaque on exposure to the air. 

Soda ash is the anhydrous carbonate of soda, Na 2 C 03 , 
which is sometimes almost pure but usually contains caustic 
soda, and chloride and sulphate, with traces of oxide of iron 
etc. 

Another form of carbonate, known as crystal carbonate, is 
almost pure, but contains one molecule of water, NagCO^. HgO. 

Soda crystals (Na 2 C 03 . lOHgO) contain a large proportion 
of water of crystallisation, amounting to 63 per cent., which 
it gradually loses on exposure to the atmosphere, becoming 
white and opaque. This form of carbonate is usually very 
pure, and being cheap, it is the form usually employed for a 
multitude of purposes. Soda crystals melt on heating in 
their own water of crystallisation and easily dissolve in water 
to form an alkaline solution. 

When a solution of soda is shaken with a melted fat or oil 
it forms a milky liquid known as an emulsion. Caustic soda 
and caustic potash will also emulsify fats and oils but even 
more effectually. 

In these emulsions the oils are suspended in the form of 
extremely fine globules throughout the aqueous liquid and 
the stability of the system is so perfect that in many cases 
no separation whatever occurs. The emulsions are, however, 
broken on acidifiying the solutions or by the addition of 
electrolytes such as common salt. 

Advantage is taken of the emulsifying power of alkalies in 
the manufacture. of emulsion lubricants and lubricating 
greases. 

Lime is the oxide of the metal calcium (CaO) and is made 
by heating limestone or carbonate of lime (CaCOa) in kilns 
when carbonic acid is given off and quicklime remains. Lime 
is a hard white rock-like material which on adding water 
gives off great heat and slakes, forming a soft dry powder of 
slaked lime (CaHgOa), on adding more water, milk of lime is 
formed which contains the hydrate in suspension. 

Lime is slightly soluble in water, 100 parts of water at 
15° C. dissolving 0T36 parts of CaO ; the clear solution has an 
alkaline taste and is known as lime water. 
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Lime is often nsed in preparing lubricating greases; it 
hardens them and prevents their melting. Heated with oils 
and water it gradually saponifies them. The combination of 
lime with rosin acids—rosinate of lime—is also frequently 
used, and combinations of rosin oil and lime are the basis of 
many lubricating greases. 

Litharge is the monoxide of lead (PbO) and is formed by 
oxidising lead on the hearth of a reverberatory furnace. 
There are two forms of this substance, flake litharge and 
powdered litharge. It is sometimes used for saponifying fats 
in the preparation of lard greases. 

Lead Acetate, Pb(G 2 H 302 ). 2 , is formed by dissolving 
litharge in acetic acid. This compound has been used for 
hardening greases. 

Ammonia, NH 3 .—In the ordinary state ammonia is a gas 
which is very easily soluble in water. The commercial 
ammonia is a concentrated solution of the gas in water which 
has a specific gravity of 0*890 and contains about 31 per cent, 
of NHg. Ammonia is a strong alkali and is sometimes used 
for neutralising oleic acid in the preparation of soluble oils 
and emulsion lubricants. 





CHAPTEE V. 

SOLID LUBRICANTS. 

As the chief ingredients of solid lubricants, two fats come 
into special prominence: animal tallow and palm oil. The 
latter, which is distinguished by its low price, is very largely 
used now for the preparation of machine, greases. 

To these fats, certain liquid animal and vegetable fats 
(train oil, rape oil, etc.) are added, to make the lubricants 
somewhat softer ; a certain amount of soda is added, to con¬ 
vert the fats into emulsions, or they are partly saponified by 
the aid of soda lye. Finally, it is also possible, by the 
addition of inactive solid substances (which, of course, must 
be very finely ground), to thicken the lubricants for certain 
purposes, powdered soapstone, talc, and sulphur being em¬ 
ployed in such cases. 

By the suitable use of such adjuncts, any lubricant can 
be made to acquire the properties desired for a given 
purpose; and it is always advisable to prepare a stock com¬ 
position which can then be easily modified in a suitable 
manner. In the present instance this stock composition 
consists of a mixture of fats, which may, if desired, be boiled 
with water and soda to form an emulsion. 

The foregoing substances do not exhaust the list of pro¬ 
ducts used for making solid lubricants ; for certain purposes, 
advantage is also taken of other admixtures, such as paraflin, 
naphthalene, graphite, and also colouring matters, in order 
to impart a special colour to the product: or very peculiar 
combinations are prepared from caoutchouc, guttapercha, 
asphaltum, and other substances, though this class of lubri¬ 
cant has only a very restricted use. 

Talloio Liibricants .—Tallow grease is always a serviceable 
article, but it is somewhat dearer than other lubricants. 

^7^ 7 
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Tallow changes in consistency very considerably according 
to the temperature. In the height of summer it is com¬ 
parable with soft butter, but it is perfectly hard and friable 
in very cold weather. Owing to this behaviour, various 
railway companies—the Austrian State Eailway for example— 
where this class of grease was used for the waggons and 
locomotives, employed different compositions of grease for 
each month. The relative proportions of these mixtures are 
given in the following table :— 


For tlie Month ot— 

Tlio Grease Consists of— 

Tallow. 

Olive Oil. 

Pork or Plorse 
Fat. 

January. 

100 

20 

18 

February . 

100 

18 

16 

March. 

100 

14 

12 

April. 

100 

9 

7 

May. 

100 

4 

2 

June. 

100 

li 

1 

July. 

100 

1 

i 

August. 

100 

1 


September .... 

100 

li 

2 

October . 

100 

4 

3 

November. 

100 

8 

7 

December. 

100 

14 

12 


More recently, the opinion has prevailed that there is no 
practical advantage gained from using so many different 
grades, and at present the railway mentioned has only three 
kinds of lubricant, namely, one for the winter, another for 
the summer, and a third for spring and autumn. These are 
compounded as follows :— 


Grease for— 

Tallow. 

Olive Oil. 

Old Grease, 
Pork, or PJorse 
I’at. 

Winter use .... 

100 

20 

13 

Spring and Autumn 

100 

10 

10 

Summer. 

100 

1 

10 


(The old grease is the residue left in the grease boxes from 
the previous filling, and usually has the consistency of pork 















■ f' 

These greases are prepared by melting the fats together , 


and heating them to about 302° F., the mixture,.being,^^^^^ 
stirred until this temperature is reached, wheteUpon^^he' 
mass is left to set. 

In working on the small scale, a simple tub is sufficient 
for this operation ; but for larger quantities it is advisable to 
melt the fats in a pan fitted with stirrers, Fig. 12. The 
liquid and more easily melted fats are placed in the pan first, 
the tallow being added last. 

Train Oil Greases ,—The cheap and abundant train oil 
obtained from the blubber of various kinds of whale, dolphin, 
and seal has not always received its true merits as a lubricant; 
but in America, where the value of this oil is recognised, it 
is largely used for the purpose, many railways employing 
it for locomotives and axles, to the exclusion of all other 
greases. 

To convert the dark-coloured and generally malodorous 
crude train oil into a good lubricant, it should be exposed to 
a low temperature, which, as previously mentioned, brings 
about the deposition of a considerable quantity of solid fat, 
after which it is treated with litharge to eliminate the free 
fatty acid present. 

For this purpose the litharge is ground very fine, and is 
mixed with a small quantity of the train oil, being then put 
through a paint mill, just as in making paint, in order to 
produce a thick, viscous mass. This is then thinned down 
with a further quantity of train oil, and incorporated with 
the bulk by efficient stirring. 

The liquid is next left to stand for a short time, whereupon 
the excess of litharge settles down in the form of fine sludge, 
whilst the newly formed compound of lead and fatty acid 
remains in the liquid, the viscosity of which it considerably 
increases. 

Tallow and Train Oil Grease :— 

Refined tallow ........ 2 parts 

Train oil.1 part 

The tallow is melted, at a moderate temperature, in a pan, 
and as soon as it becomes fluid the train oil is added, the mass 
being crutched until a perfectly uniform mixture is produced< 





I'la. J,a.— rnixitr. 

In .nakinB»dopa.BO “7““' 

oi train oil mutt to inoro««l to unpart to tUo troa 
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palm oil, which is kept constantly stirrcid duriii^^f tlni iwldition. 
After the whole of the soda has heeii iuldcul, the lin'. is (h-a,wn, 
and the mass is stirred until it Isioiiis ti> set a,nd to oHor con¬ 
siderable resistance! to tlie stinairs. 

The axle greases prepaixid acc.ording to tlieso laacipeis are 
of excellent quality, and an! still (!xchisiv(!ly used on most 
English railways. Th(! consisUiiHiy can Ih! a,lt(!r(!d as dosinid 
by varying the proportions ol tallow and j)alni oil; it the 
former be increased, the grease! is (irnuir and harder te) ine!lt, 
whilst an increase in the! amount of the. palm e)il e-.auseis the 
product to melt at a loweir teimp(!r(i.tur(! and imparts te) it a 
softer consistency. 

Tallow and Ncalxfool Oil drmxo .- 

Tallow.H)() 

Noal)Hfoob oil ......... KH) 

This grease was used [or a long time on the \Viirtt(‘inb(‘rg 
railways: it is very stiff, and tlu'.reforo spee.ially suitabh^ hn: 
summer use, but is coinparativtdy dt^ar. 

Tallow, Rape Oil and Hoda (rrr(cs(\s: 


.1. Wint('7’ (t 

Tallow.ISO 

Hofinod ra[>o oi 1.ltd) 

Soda oryHlialK . . .id) 

Wafcor.5)00 

2. Spring and A iUnnin (traanr 

Tallow.2:10 

.Eedinod rapo oil. Hf> 

Boda crynLalH. 20 

Water..’U>() 


3. Summer dreafie - 

Tallow. 

Kolined ni])o oil ..... 

Soda (iryKtalH. 

Water. 

French Tallow and Train Oil (IreaHe 

Tallow. 

Train oil. 

Soda cryHtalK. 

Water. 


Tallow and Castor Oil Orease: 

Oantor oil. 

Pork fat. 

Tallow. 


2(;0 

hh 

20 

:H() 


260 

260 

26 

f»eo 


140 

14 

7 
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This lubricant, though very useful, can only find restricted 
application for fine machinery, owing to the high price of the 
castor oil. 

Palnh Oil Crreases. —A. very large number of recipes for 
solid lubricants contain palm oil, the products being very 
widely used for greasing axles, railway wheels, flywheel 
shafts, and other heavy quick-running machine parts. 

halm oil lubricants have generally a pronounced yellow 
or orange colour, due to the use of unbleached palm oil, 
which, as already stated, is yellow to orange-red in colour. 

Some greases are made of palm oil alone, unmixed with 
any other fat. Experience, however, has shown that these, 
though low priced, do not possess the properties expected of 
them. Ah a rule their melting point is too low; hence, under 
the influence of the heat generated by the movement of the 
machine parts, they becoxiie too fluid, thus entailing a con¬ 
siderable waste of grease, especially in the case of locomotive 
machines. Hence the simple palm oil greases are not very 
suitable for cart and railway axles, since these drip off the 
axles too readily, and waste to such an extent that their use 
would entail great expense for lubrication in the case of 
railways, etc. 

Generally the palm oil receives an addition of tallow to 
raise the melting point of the mixture. Conversely, in the 
rare instances where it is desired to employ a lubricant with 
a low melting point, liquid fats, such as train oil or rape oil, 
are added. 

Tlxose additions increase the cost of the palm oil greases 
considerably; but when the quality is taken into considera¬ 
tion, the improvement is so great that the cost is of com¬ 
paratively small importance. 

When the greasing of locomotive machinery is in question, 
such as cart and railway axles, where the recovery of the 
droppings is not so easily compassed as with stationary 
machines or marine engines, good results are obtained with 
compound palm oil greases. These are expensive to pro¬ 
duce ; but, in reality, they are cheaper than unmixed palm 
oil, since an equal quantity of the grease will last longer. 

Tbeinixed palm oil greases vary in composition to such 
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an extent that tlu^ proportion of ail(lt‘d fatH may rmp^c^ Ih*- 
tw(‘.eii .45 and 50 pnr (amt. 

Pdlvi Oil Piuld (I All pjdni oil yp’oaiu*;^, (.u la* 
H(irvi(amil)l<‘, ninst coniahi a small juldiiion of wusliin*; soda 
((n-ystalliscul sodium cardonaltyK sinoo (hi:; iu‘{nnlit‘nf. do((U*- 
iniiuis th(^ usi'fulnt^sH of tlu^ prodiud. 

As aJn^ady memtiomah stala, liko tin* ofhn* alkali t^arho- 
nat(‘.H and hydroxides (eam;tie alkailish ha.s the property of 
conv(irtin^^ fats into emulsions, Wlam soila stdulion is ^dlak(‘n 
up with any licpiid or m<‘lted tat, tin* litjuid [p'adiuilly as*™ 
Kunn^s a milky app(‘aranee. rnd(‘r tin? mierosodpe* it a-ppcairs 
to ho (ioloiirh'.ss, but it is He<‘n to (auiiain imnmu*rahlo lirn* 
^dobides of fat, disiribuhal in the same way as butter is in 
milk. 

•'Idu'. formation of th(*s<* emul.si(»ns SiU'ves a double purpost* : 
primarily, it(Uiabl(‘s a. larj^t* (juanlity of vvaJer lo la* intrcHluecul 
into tlui lubricant, mumdy, tin* vvaJm' in which tlm soda is 
dissolvcul. dliis ^r(‘atly increases (In* hulk ol the luluh^ant, 
without a.ddine to its c.ost. 

ddui second purpos(‘ served by tin* mu* td Hotla app^uirs to 
h(‘. as follows: I^ihn oil consisls largely (d' pal mil in {a com¬ 
pound of paJmitic acid and ^dyc<*riiie). which i;; a m*ntraJ fat, 
hilt also invaria.hly (umtains a larot* <{n:intity of fre(* fatty 
acids, this lu'in^’ (*Hp(uually lint e.aso in old samples of tln^ oil 

As already numtiomai in treatin*^ of oh*i(’ iieid, tin* fri’i* 
fatty acids hav(‘. tin* property <4 Htroipdy emaunlini^ nH*talH, 
and for this reason pun* palm oil pjasases hn,ve a. vm-y cho 
structive offetd on nu‘talH. HoW(*V(n‘, wlu'n a. suthcit*nt qnan» 
tity of soda is pr(*.H{*nt in tln^ f.pu*a,Ht*, on tin* oin* liand, tin* 
neutral fat is (umilsitied; and (Ui the <»iln*r hand, the fatty 
acids liavin^^ tin; property of displacing tin; carbonic; acid 
from soda, and comhininii; with tin; base to form tin* com¬ 
pounds known as soaps, (In* fius* acids art* m*utriihKetl. 

4du; property of comhinini^^ with tin; fret* fatty acids, and 
even of extractiiif^^ tin; fatty a.(;idH from fats, and comhinini^ 
with the fornna* to form soaps, a.t tin* tu’dinary it*mpi‘raiure, 
is also p()BH(;sH(;d by tin; (;auHtic alkalis. So that if tin* soda 
be roplacutd by (;auKtic soda, the wliole of tin; fatty acids 
proseait in the free stait; will ht* at omu* Hap<milied, during 
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the preparation of the lubricant, and on using the latter, 
there will be no danger of the machine parts being corroded 
in any way. 

To convert soda crystals into caustic soda, the following 
simple operation may be performed:— 

The quantity of soda to be used is dissolved in ten times 
its weight of water, and is boiled in an iron pan for several 
minutes with a quantity of slaked lime equal to that of the 
soda taken, the latter being thereby converted into caustic 
soda. The liquid is left to stand in the closed pan, and 
drawn off after the carbonate of lime has settled out. 

Caustic soda can also be bought in the solid form, and 
when the price is low it can be used direct in the preparation 
of greases, the quantity required being about one-third that 
of the soda generally used. The method of procedure is just 
the same as with soda solution, but takes less time and it 
does not froth, the caustic alkali combining with the fatty 
acids more easily and quickly than the carbonate. 

The Preparation of Palm Oil and Soda Greases .—The 
simple operation of preparing these greases is varied accord¬ 
ing to whether the quantity to be dealt with is large or small. 
For small quantities up to 2 cwt., the operation may be per¬ 
formed in an ordinary pan, mounted in brickwork and heated 
by direct fire. For larger quantities, it is advisable to employ 
steam as the heating agent, and to effect the stirring with 
mechanical appliances, instead of by hand. 

Experience has shown that the quality of these greases is 
always better when they are prepared on the large scale. 
This can be accounted for by the fact that the larger mass 
of material retains its fluidity longer, so that a more intimate 
admixture is possible. 

Operations are begun by placing the fat with the highest 
melting point (usually the tallow) in the pan first, and adding 
the palm oil when the first charge is melted, the two being 
then mixed completely by stirring, and raised to the tempei^a- 
ture of boiling water. 

The soda or caustic soda is dissolved in the prescribed 
quantity of water in a separate pan, heated to boiling, and 
poured into the molten fats, -with continued vigorous stirring 
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1 ()() 

If no in availahh^ of sufficient siz<‘ liold ilu^ whole', 

of the wal(‘.r n<u‘(l(ul toelissolvc tlu^sorla, (he* la.l i(*r is diHsolved 
in a litth^ waien* and added to the fats, the rest of tlu^ vvahu* 
l)(dn^^ luuite.d in tli(‘ dissolvin'.^ [rin and run into the* nuxturt'. 
by (legnu^B. A still hedteu* plan is to dissolvt* the* soda, in 
S(woral portions and ptmr the* HoUdions out'after tlu‘ t)tlH'r 
into th(^ fat. 

Tlui mixture of fats and soda solution nnist he* stirre^d in 
such a/ maniH'r a.s to ensure the uniform aehnixture* of tlu', 
tv^o, whicli (Uitails sonui litth* skill, d’lie be st way is to kec^p 
th(^ fat in viokmt motion and tlurn run the* hot soda, solution 
into it in tlu' form of a. thin stn^am. 

Anotluu* very ustdul practice' is to projVct both the imdtial 
fats and tlu^ soda solution through s(‘pa,rale pipers so as to 
producer a fiiui jett of eaudi inside* (he [>a,n and tlmn mix (Inuu 
by meauH of th<^ stirn'ra. 

Stirrinc is c.ontinut*d until tlu; mass he*pins to thickem, ami 
a tria.l samph'. se'-ts complt'tely within a, short time*, d’he 
tinisluxl ^n*(‘as(5 is ilu*n hulhsl into receptacle's Imldine a 
dedinite^ ([uantity, v.tj. hi, 28, or I I2 Ih., and h'ft to md. 
therein. 

Talm oil a.nd soda id'e* usmdly not hrouddit iid.t) 

dinad* (amtatd. with tlui surface's (o he* hd»ricate*d, hu(. are^ 
^amorally put into doaise* boxe's momite*el imnu‘diate*ly ov(‘r 
the axk^H to b<^ greatse'd, ami {U’ovide'd with n, hede m the* 
bottom throu^di which tlu^ luhrie’ant tain find its way to tint 
workinij; parts. 

Owin^^ to the liead. liht*rateel by friclitui, flu* |»rea.st‘ in tlu^ 
boxes is partially imdttul after the whet'ls have* (iirmsl a fe*w 
tinu'H, or at anyrah*. it will have* sed’temai e*mm‘'h to allow it 
to pass through tin*, holt* af(n‘e*Kaitl and ^rt'ant! tin* axltx d'ht^ 
best ^O'caHtm for tliis purpe)H(* mv. sutdi as have a. c’emHistency 
restunblin^^ that e)f thietk e.rt'am when sliiditly wa.rnu 

At'c-ortlinK to tlu'. time, of y{*a.r at wluelt tlie oreaset is te) !)e 
ustxl, so must its (U)m|)OHition ht* nuHlifit*th If th*' fmnia'ra- 
ture of the air and (Xinseapumtly tlmi of the* nuichim^ j>arts 
to be grtaiHt'd is high, tin* grt'ase will tm*lt hio rtiulily and 
will tluu’tdore ht'c.onui too fluid and run to wiuitt*. On tin** 
other luvndj in cold w(*ath(‘r tin* gnuist* will keu'p vt‘ry firm, 
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and the amount melted by the heat of friction may be in¬ 
sufficient for proper lubrication. 

To obviate this difficulty, tlu! proportions of tlu! fats are 
adjusted for the various seasons ; in sumnuu-, greases of high 
molting point are used, i.o. those containing a larger (juantity 
of tallow; whilst for the winter, moi:c readily liquefiable 
greases are employed, a smaller (piantity of tallow being 
taken, and occasionally (wen a portion of the latter is re¬ 
placed by a liquid fat, such as train oil or rape oil. 

Some makers are not contemt with producing two varieties 
of grease for summer and winter use respectively; but also 
prepare a third grade suitable for spring and autumn. Indeed, 
such an intermediate) grade is highly advisable for countries 
where the extremes of summer and winter temperature are 
great, h’or Italy, the soutli of b’rance, '.Ungland, and northern 
Germany, for instance, two grades of grease would bo suffi¬ 
cient; but for south Germany with its hard winter, hot 
summer, and mild spring and autumn, three arc advisable. 

Recipes for |)alni oil and soda greases for tlie different 
seasons arc given below; and it may be again stated that 
the molting point of these greases can bo readily modified 
by altering the proportions of the fats of liigh and low 
melting point. 

Yellow Palm, (HI and Hoda (Irea.w :— 


,1. A’or Wmier Vitr — 

Tallow.VW 

Palm oil. 

Sptii'ni oil or ra|>(M)il.. . 70 

Soda cryHlialH. 

WaUir '. 

2 . l<\>r SjirhKj timl A iUmnn Us(> 

Tallow.WO 

I^ihu oil. 

Sporni oil or rapo oil ....... 155 

Soda c.ryHfcalH. 

Walior ‘. 

8. ,/f'or Si{'‘ni.iner (Jae . 

a’allow . IlOO 

i^ilmoil ..SOD 

Sponn oil or rapo oil. 

Soda (‘.ryslialH. 

Water.^‘^150 


The lower the toinperatviro, the more can tiu'. proportion 
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of tlio fat 1)0 (liminiHluul am! the* waics* iruToas(‘il, tin* 
boing tlio (ras(^ in sumnu‘r. 'I’rain oil can In* used in^d,t'a.d 
of tiu' (l<^a.r<u’ stxo’in or rjipo oil, but it iniiui lirsi bavt' Ihm'u 
H pooially irtMibul. 

Whou tra.in oil is t‘Xi)o.Hc*d to a ntodoraioly low t(*iu|H‘no 
tur(s i.e. al)otit 10' 1<\, a. oonsidorablo quaid ityof luthorto dis¬ 
solved fat se|)arat(*s out, tlu; rctiuaininp liquid luun*^ more 
fluid than bo.foro am! specinJly a<la.p(i*(l for addinq to tlu^ 
ab()V(^ t(roaH{‘s, whilst tlu* solid portion ean bo utilisod in 
B()apina.kint( or for lht‘ proparation of s|) 0 {na,l lubrirantH. 

Yrllaio l\thih 0/7, nnd Sada {//v z/.v/.v; - 

1. /'f>r r‘«<' 


PllUlluil. 

. ir.u 

Soap. 


Soda cryntalH. 

Hi 

Wat(ii‘ ‘. 

. .MU 

h’or Snnnnvr / sv 

(Niltuoil ..... 

. UUJ 

Soap ..... 

dU 

Soda crv.M(.al:i ..... 

•■‘U 

Wato.r ... . . 

. :u;u 


'rii( 4 )alni oil is first nudtodand thou inixod witli tlio soap; 
when this aJso is nu‘lt(‘d, tlu^ soda ilissolvod in -10 or 00 [la-rts 
of liot wat(*r is run iii and tho nniss wt*ll stirred, tin* nunaindnr 
of wat(‘r Ixaiq^^ ine.orporatod with (h(‘ nuisM, which is kt'pi 
hot throu^diout. When all tin* waiter is in tho pan, tln^ 
contents of tlu^ latter are [xuinal into a vat aiul ^4tirrod until 
they h) H(di. 

Another way of preparin'^ thoH(‘ipaatHcs is by moltirqt the fat 
and soap tot((^th(U’in a pan and inixinp them bystirrintp liapc^ 
oil, whi(th is rather dear, may hc^ r(*plae(Ml by an equal quantity 
of train oil, Ilors(* fa.t is n‘comruonde(l by soints luit raineH 
t!i(^ iiH'ltintt point of th<^ nioro than I ho liquid fatH. 

'’rh(‘. soda is disHolv(*d in I luuuxs'HHary amount of water in 
a H(HU)n(l pan, th(^ solution hc‘ino hoatod to hoibng and them 
mixed with the uudted fat in a third vohhoI l)y stirrin|„(, tliis 
l)(dn^^ continued as lon^mm the. (‘oiiHiHtene’y of tho inasH will 
allow. 

A hett(‘r class of ^qx'ase* is eompoundod of palm oil and 
rape oil, th<‘, soda Ixdno replae.ed by acorri'HpfUuliip^ amount of 
caustic soda. This^n-east^ dotmnoi c’ontain any emulsion, but 
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is a true soap grease, part of the fat being saponified by the 
caustic alkali. 

American Palm Oil Greases :— 

A B 

Tallow.150 100 

Palm oil.100 160 

Soda crystals. 25 35 

Water. 160 800 

French Pahn Oil Greases :— 

■ A B 

Tallow. 380 280 

Palm oil.125 100 

Bape oil. 65 70 

Soda crystals. 25 20 

Water. 420 500 

Belgian Palm Oil Greases :— 

A B 

Palm oil. 210 380 

Tallow.— 750 

Soap.85 — 

Colza oil.— 200 

Soda crystals.15 50 

Water . , . . . . . .700 1300 

This grease, which is both cheap and efficient, is charac¬ 
terised by containing three fats: tallow, palm oil, and colza 
oil, in its composition. 

Axle Greases for Very Heavy Waggons :— 

1. For Winter Use— 

Tallow.420 

Palm oil.840 

Soda crystals.140 

Water. 4200 

2. For Sio'ninier Use — 

Tallow .......... 420 

Pahn oil. 490 

Soda crystals ........ 35 

Water. 2300 

The above are calculated for severe winter weather and 

high summer temperatures. For milder winter climates the 

proportion of soda may be somewhat reduced and the palm 

oil increased. 

Cart Grease :— 

Pahn oil.210 

Tallow.■ . 85 

Soda lye .... .... 65 

Water . 920 

The palm oil and tallow are melted together, the mixture 
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rendered uniform by stirring, and the soda lye added. The 
density of the latter should be 20° to 21° Bd., that is to say, 
the Baum4 areometer should sink into the solution down to 
the 20° or 21° mark on the scale. 

After the soda lye has been stirred in, the water is added, 
and the mass is stirred until uniform, whereupon it is ladled 
out into vessels to set. 

Grease for Wooden Machinery :— 

Tallow.J-10 

Palm oil.20 

Train oil.10 

Graphite.20 

The fats are melted by moderate heat, and the graphite, 
which has been reduced to the finest powder and then 
levigated, is intimately mixed with them by protracted 
stirring. 

With regard to the quantities consumed, the palm oil 
greases may be regarded as the most important of all lubri¬ 
cants, since they are employed, to the exclusion of all others, 
on many railways, and are used also in large quantity on 
many large machines. 
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LEAD SOAP LUBRICANTS. 

The lead salts possess the property of saponifying fats or 
fatty.oils to form fairly solid compounds, known as lead soaps, 
which are hard in the cold and pasty at the ordinary tem¬ 
perature, but attain the necessary degree of fluidity when 
warmed by friction. 

This latter property is highly important in the case of 
the axles of vehicles, since it reduces to a minimum the loss 
of grease by dropping. 

For the preparation of these lubricants it is first of all 
necessary to make a solution of basic lead acetate, or sugar 
of lead, which is then incorporated with a suitable proportion 
of fat. 

The solution is prepared from: 


Sugar of lead.10 

Litharge.10 

Water.110 


these are boiled 1-^ to 2 hours, with repeated stirring, at the 
end of which time the mass is left to rest, and the clear liquid 
is drawn off. The latter is made up to 100 parts by weight, 
by the addition of water, and after being warmed to about 
120° to 140° F., is mixed with common fat (rape oil and pork 
fat, or neatsfoot oil), in the following proportions : 


Sugar of lead.100 

Rape oil.80 

Pork fat.80 


The resulting preparation will be of a uniform grey colour> 
and when melted will set again at 85° to 105° F. 

A large number of so-called anti-friction greases,” re¬ 
garded as secret preparations, are in the main only lead soap 
prepared according to this recipe or on similar lines. Owing 
to its rather high melting point, this grease is less suitable 

( 111 ) 
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for ordinary carts than for quick-running axles (railway 
wheels, flywheel shafts, etc.). 

The preparation of lead soap greases can be greatly v 
simplified by proceeding in the following manner. The in¬ 
gredients are : 


Sugar of lead.20 

Litharge.10 

Water.225 

Vinegar.1 


The water and vinegar are placed in a covered vat, and the 
sugar of lead and litharge are placed in two linen bags and 
immersed in the liquid, being left therein for a week. The 
clear solution of lead acetate drawn off at the end of this time 
is placed in a vat and mixed with— 


Eape oil.500 

Pork fat.750 


which have previously been melted together in a pan and 
heated to about 250° F. The mixture is well stirred and left 
to stand for several days. In from two to four days it will 
have set, and will then be ready for use. 

Lead Oleate Axle Grease. —Palmer’s Patent Axle Grease 
consists principally of lead oleate, and is therefore a lead 
soap, closely resembling apothecaries’ sticking plaster in 
composition. 

In the manufacture of stearine candles, the crude fatty 
acids are subjected to heavy pressure, which squeezes out 
oleic acid containing stearic acid and palmitic acid in solution. 
When the crude oleic acid is exposed to low temperatures a 
large proportion of the dissolved solid fatty acids crystallise 
out. The crude oleic acid of commerce is a yellow to brown 
liquid, mostly with a disagreeable smell. In Germany it is 
known as Oel—or Oleinsaure, and in France as acide oleique, 
both of which names express its composition ; but in England 
it is frequently called ‘‘tallow oil,” a term which may give 
rise to confusion, inasmuch as the same name is (correctly) 
given to the oil obtained by pressing refined tallow that has 
been stirred before setting. True tallow oil is a much more 
valuable and expensive article than oleic acid. It is also 
known in this country as oleine in contradistinction to olein 
which is the neutral triglyceride of oleic acid (triolein). 
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In ordcu* to pro(lu(H‘- lead Boap from oU'.ic acid the laticu* in 
placed in a pan which in mounted on a l)rick work Hottinj^^ in 
HueJi a manner m to prevent the c.oniientB comin^^ into dirc'.ct 
(U)ntact with the heatin^^ flame. pan in alno providcul 

with a (‘JoHe-fliting lid, to provemt tlu^ flame Hpr(uxdin^^ in the 
(vvtmt of tlie oknc acid boctvmin^jj i^mitcul. 

ddie ohu'c acid is heatcxl to boilinf^, whercaipon litharge, in 
a fin(‘Jy ground (iondiiion, iH run in through a. narrow pipe*, 
and Btirrcul continuouHly. ddie uHual ])roporti()n of lithargi^ 
in from on(5~fitth to one-fourth the w(ught of tln^ oil. 

After all tlu^ litluirgo in in, the ntirring \h contimuMl for 
twenty to forty minutc^H, th(^ tempenutun^ being then gradually 
lowered. Tlui litharges undiKSolvcul by the ohsic acid Betth^B to 
the bottom of th(‘. pan, a.nd is k^ft tluaxi until th(‘. lu^Kt opevration. 
d’he (darified liquid is ladk^d off and kl’t to set, pr(dnral)ly in 
Hhoeti-iron tanlcH. 

On quick-running axkis which genera.te a good (kial of 
lieat, this grease Boon attains the ixupiiHihi fluidity, but it is 
too stilT for those running a<t low speeds. 

medting |)oint of this very useful lubricant is best 
low(vr(ul at tlu^ time of preparation by the addition of cheap 
fats like hors(^ fat or train oil. hot lead oloate obtained 

as above is ladled out into a separate vat, already (U)ti- 
taining tlu^ fat or train oil, and the mixtiir('< ([uickly stirrcul 
t:og(ither. The lower the d(^8ir(ul nudting point, th(‘. larg(U* 
must he tlie proportion of added fat. (k)ns(MjU(mtly for 
Humnuu* gnMiHcs a redativedy largo (piantiiy of fat must Ih^ 
added, about 20 to 40 parts p(‘r 100 of kuul ok^ik^ b(dng usually 
Huniekmt. 


CHAPTEE VII. 


TRUE SOAP GREASES. 

The soap greases, properly so called, are prepared with 
ordinary soft soap (a componnd of potash with fatty acids), 
or from fats and potash, these forming the emulsions already 
referred to. Although these greases are occasionally very 
•useful, their employment is restricted, owing to the risk that 
lack of care in their preparation may leave appreciable quan¬ 
tities of potash or caustic alkali uncombined, with consequent 
liability to injury of the metal, which may be extensively 
corroded. 

Char don's Soap Grease :— 

Soft soap.10-50 

Lye or water.90-50 

This peculiar lubricant, which is claimed to specially 
lessen the wear and tear of the bearings—a claim which if it 
were tenable would be highly commendable—is, according to 
its inventor, much cheaper than oil. The proportions of soap 
and water vary with the season. 

The use of lye, however, for dissolving the soap, appears 
objectionable, if only for the reason that caustic alkalis exert 
a corrosive action on some metals and metallic alloys—bronze, 
for instance—of which machine parts are generally made. 
In a properly made soap there is no free fatty acid, so that 
any added caustic alkali acts on the metal and soon causes it to 
corrode. That Chardon’s grease is of little value is shown by 
the circumstance that, according to the recipe, it is immaterial 
whether water or lye be taken. Any one possessing even 
a slight knowledge of chemistry will know what a wide 
difference exists between a lubricant consisting of soap and 
water and one containing soap and lye. 

(114) 
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Tallow^ Oil and Hoap Grease: -- 

Tallow. m) 

()liv(M)il.Jl(K) 

Pol.aKh.00 

WaUir. 0fj() 


’’JHkj potanh in diHHolvcd in water, the solution heated to 
l)oilinf(, and the wliolo of the fat m added at once, the fire 
ladn^rniade up bo an to keoptlie whole in a fluid ntate. lloil- 
in^^ in continvuul, wiili coriBiant Htirririg, until saponification 
is indicated by tlu'. thickening of the niass and the way in 
which a Baniplo will draw into threads on cooling. Th('. re- 
suiting product is regally a dilute Bolution of potash soap 
mixed with an exct'.sR of fat, and may then^fore he regardcxl 
as an emulsion lubricant in the true s<mB(i of tlu^ tcuum 

(Jarriagr. Axle Greases: 

A It 


Tallow. 

. 500 

500 

XVuiHOod oil. 

. 5(K) 

450 

Uiuu roBin. 

. 500 

500 

CauHtio Hoda lyo . . . . 

. aif) 

500 


Both pr(^parationB, when Huitably stirred during prepara¬ 
tion, form solid masBos of the consistency of sal v(‘., and yellow 
in ciolour, Mfin^y distrihuto easily on the axles and lubricate 
well. The rosin is melted first, the tallow and lineead oil 
bcung them added, and whem these form a uniform mixture, 
the c-austic soda lye is added gradually. The lye is used 
moderjitely strong, and tln^ firmnesH of the grc'.aso can he 
hcughtencul by increasing the concentration of the alkaline 
Bolution, 

fi’rom tlu^ chemical statnlpoint this somewhat expensive 
lubricant is a mixture of ordinary soap, rosin soap, and 
(UuvilHified fats. 








(UlAPTKlt VIII. 


(lAonTCllorc IJ'tUttCANTS. 

DouloJi'fi (UioHlchoitr (hrasr: 

Tnun oil.. . , . ‘.’OO 

(laoutcliouc. 


The train oil in luuiiod in a pan until it to doutuu” 

pos(i (which conditi(jn is rovt^alod hy an chulHiitMi roHoiuhlini^ 
boiling and by tlu^ (‘.volution of a diHagrcraldt* od«»uri, iho 
caoutcdioiuv (Uit into small pituum Ihuui* iritr(»dut‘od by 
d(^gr(H‘B and th(^ (vntir(^ masH vigonuiHly ntirrrd afb’r oatdi 
addition. 

1 ^'or ordinary purposes this gr(*aHt» is inapplirablo, tnving 
to tlu'. high pric(* of (taoutc.houc.; it may also bo roiniirkod 
that lubricants of at kaist (‘-(jual (d’(i(dc‘ucv can b(’ prepared 
at a mucdi lowm’ c.ost. 

(Uioutchanr, Machinr (Ireaav: 

Ciwmiohmic, .. 

I litiHCHul oil ....... , UKH) 

Tw(‘nty paris (^ach of caoutchouc and IniHcinl uil are first 
moltcul tog(‘-ihc)% anothm* 20 parts of oil btung ntimul in nn 
soon as the mixturci iH^gins to disiaigaip^ vapour. Subne 
qucntly the nmt of tlu^ linH(a*d oil is addisl, 100 {lartH at a 
time. 


Amerimn (hwutrJumc HrvaHv: 


(Jiu)uic,h(>u« t 

Oil of UivptniUao. H 

Hapo oil . . . . . . , , . .114 

Soda.. , . . HI 

(UiK^. 4 

Watior. /HI 


The. caouChonc. is diHHolved in the oil of (,urp«mf.irio, wIitiKl. 
the rape oil is first mixed with the ho<Iii, water, aiul kI'K’, !i>h 1 
then boiled, the caoutchouc solution heiiij,' stirrt'd into tht* 
homop(oneouH mixture. 

(lie,) 
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Strictly speaking, the caoutchouc is not dissolved in the 
turpentine, since very little, if any, of the caoutchouc is really 
dissolved, but merely remains in a highly swollen condition. 
The finished mass requires to be stirred for a very consider¬ 
able time in order to get it perfectly homogeneous- 

Gaoutchouc Adhesion Grease :— 

Gaoutcliouc.36 

Oil of turpentine.72 

Cabinetmaker’s glue.10 

Tallow.80 

Soda.72 

Water.900 

This peculiarly compounded grease is prepared as follows : 
The caoutchouc is first dissolved in the oil of turpentine at a 
temperature of about 250'’ to 300° F., the tallow being melted in 
another pan, mixed with the powdered soda, and the water 
stirred in. When the whole has become homogeneous, the 
caoutchouc solution is run in, stirred, and the whole left to 
set. 


Caoutchouc and Guttapercha Grease :— 


Caoutchouc.50 

Guttapercha.50 

Oil of tui’pentiue.100 

Tallow.1000 


The caoutchouc and guttapercha are dissolved in the oil of 
turpentine and heated strongly, the tallow being then added 
by degrees. The use of the expensive ingredients, caoutchouc 
and guttapercha, makes this a very expensive grease. 

Caoiitchouc Axle Grease :— 


Palm oil.20 

Train oil.100 


Caoutchouc. 2 

Litharge.2 

Sugar of lead. 2 

The caoutchouc is cut into small pieces and heated with 
the train oil to about 890° F., the litharge and sugar of lead 
being then added and the heating continued for an hour 
longer. Finally, the palm oil is stirred into the still hot 
mass. 

Caoutchouc and Fat Grease :— 


Caoutchouc.5 

Palm oil.100 

Rape oil.100 

Tallow , .., . , 50 
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The caoutchouc is dissolved in the rape oil by the aid of a 
high temperature, and the filtered solution is incorporated 
with the solid fats. The author has however found, by 
experiment, that filtration of the mass is impracticable, since 
it is difficult to strain it even through a linen cloth. 

The value of caoutchouc and guttapercha greases is some¬ 
what problematical. Statements have been made with regard 
to their economy in use which it would be difficult to sub¬ 
stantiate, and certainly the rubber or guttapercha are in the 
majority of cases not dissolved but simply disseminated in a 
finely divided state, in which condition they can exert no 
more action than other inert insoluble substances. 




IX. 

OTHMR SOIill) i/UliIU(3ANTS. 

following r(H;ij)(^K nslato to a few lubruianiB which do not 
Ixilong to any of thci foregoing groupB, but have proved Batis- 
factory in actual uhc. Jtocipcm which gave uriBatinfactory 
r(^KultH wh(‘u tri(ul, or appeared from their couBtitution to be 
inerc^ly (Utipiric-al coinpositionH, have been omitted, since their 
intdusion would siu'vc^ no useful purpoHc*. 

/I s;ph(tltum, A xle (rmine: 


AH]>lialtmu.. 

I ^ lack pi tell.* .* H 

Uofcn>I(vuin.! ! ] 8 

0itiliar8(^ • ... 8 

Waltu’ - • . . . . . . . ! HO 


^riu‘. asplialtuin and pit(di are first meltcul together in a 
pan, the pt^trolcum being tlnui added until the mass has 
become uniformly fluid. The litharge is m^xt added, and 
finally the water is run in in small (piantities, tb('. whole 
being stiri'ed until perfectly uniform. '‘Flui asplialtum and 
pitch impart to this grease a luBtrous black colour and a 
peculiar, bituminous smell, fluidity of tlie mass can be 

in(U’(‘<as(5d or diminislKul by corrt'.spondingly varying the pro¬ 
portion of p(itroleum. 

Nfiphthalene OrtutHc: . 


Naphilialc^Tio.. 

lUf)(U)iJ ’ 50-100 


^Vho naphthabnio—a crystalline hydrocarbon nicovered 
from c.ojd tar is nudttul and stirnul up with a larger or 
smalbu’ (|uaiitity of rap(3 oil, tlui ))r()duct thus varying in 
consiHt(mcy bcung solid and firm, scuui-solid and pasty, or 
flnid as ilu'. cases may l)o, and forming a useful lidnicaht. 

(‘xpensive^ purified naplitlialemi is not requirexl liere, 
purity not being an esscintial feature for the purpose in view ; 

(ll<)) 
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SO that the crude article, which is more or less impure, is 
quite suitable for the purpose. These remarks apply equally 
to paraffin. 

Bosin Machine Grease :— 

Pine rosin.100 

Rosin oil ■.60 

Pork fat.300 

The rosin and rosin oil are melted together, and the pork 
fat is stirred into the liquefied mass. 

Graphite Axle Grease :— 


Tallow.3G 

Pork fat.9 

Palm oil.9 

Graphite.2 


Graphite is of a steely grey colour, and imparts a char¬ 
acteristic grey-black colour to the grease. 

This graphite axle grease is a very efficient lubricant, and 
is frequently used in Belgium and England as the sole grease 
for waggon axles. 

Graphite Grease for Quich-running Axles :— 


Tallow.100 

Graphite.100 


This is specially suitable for greasing the shafts of circular 
saws, ventilating fans, etc., and indeed for any axles running 
at high speed under small load. 

Colloidal Olein Lubricant . —According to de la Guferon- 
niere, a special form of grease for lubricating purposes can 
be prepared by extracting the mucilaginous principle from 
the following marine plants: Fucus crispus 75 per cent., 
fucus perle 20 per cent., agar-agar 5 per cent, (or the same 
proportion of lichen or other algae that contain gelose). The 
woody matter of these plants is carefully removed, after 
which the plants are washed separately in hot water contain¬ 
ing 10 per cent, of common salt and 5 per cent, of carbonate 
of potash. The next stage is to steep the washed plants in 
water containing 10 per cent, of salt, and to dissolve them 
by gradual boiling in water. According to the concentration 
required, 700 to 1000 parts by weight of the mixed plants 
are taken to 100,000 parts of water, for the preparation of 
colloidal olein, the amount being doubled in the case of 
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colloidal grease. The solution is filtered whilst hot, and is 
treated with about 800 parts of oil of turpentine, alcohol, 
sulphurous acid, phenol or some essential oil. 

Cart Greases ,—The preparation of cart greases is a profit¬ 
able branch that can be established without much trouble ; 
and any maker who will supply a good article can be sure 
of securing permanent customers, writes C. F. Borott, in the 
Seifenhaendler. Unfortunately, this class of grease lends 
itself readily to adulteration, so that preparations are met 
with in the market which are loaded to the extent of as 
much as 75 per cent, with water, asphalt, pitch, tar, heavy 
spar, levigated chalk, clay, soapstone, common graphite, etc. 
Of course, a far larger profit is made on such goods than on 
the genuine article, but no lasting connection is established, 
consumers going elsewhere when they find out the dis¬ 
advantages attending the use of such trash. The following 
recipes, however, may be relied on to furnish satisfactory 
products: (1) Melt together, by stirring in a large pan over a 
moderate fire, 30 parts by weight of wool fat and 60 parts 
of dark vaseline oil. Then stir into this mixture 71 parts 
of lime that has been slaked to fine powder, and when this 
has been properly incorporated, add 3| parts of caustic soda 
lye (density 42° B.), continuing to stir and to warm the mass 
up to 50° to 60° C. until it is homogeneous and free from lumps. 
After drawing the fire, the grease is left to cool, with oc¬ 
casional stirring, and is then packed in kegs, tins, or boxes. 
The colour darkens with age, but may also be artificially 
deepened with a little lampblack. (2) Twenty-five parts of 
crude rosin oil are heated to 50° to 60° C. in a pan, and stirred 
up with 20 parts of fine slaked lime until the whole is a 
tough uniform mass, free from lumps. This stock can be 
reduced, according to requirements, by the addition of mineral 
oil or more rosin oil. It is advisable to pass the lime through 
a medium fine sieve. (3) A grease can be made, without 
heat, by mixing 60 parts of dark vaseline oil with 20 of 
slaked lime and 1 of lampblack, followed by 30 parts of crude 
rosin oil, the whole being stirred until properly mixed. 

Palm Oil Waggon Grease .—10 lb. of palm oil soap is 
melted with an equal weight of palm oil; 550 lb, of rosin 
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oil is added and sufficient rosin oil soap to impart to the 
mass a consistency resembling butter; finally, 7f to 10 lb. of 
caustic soda lye is stirred in and the mass allowed to cool. 

Waggon Grease ,—Stir 90 lb. of slaked lime into 100 lb. 
of rosin oil, heat, and continue stirring until a uniform paste 
is obtained. 

Wheel Greases .—Wheel greases of a common description 
generally have as their basis crude rosin oil, and can be made 
in a variety of ways, either with this oil alone or in an ad¬ 
mixture with other oils and fats. The following formulae 
are given to show how these can be made :— 

20 lb. crude rosin oil and 16 lb. 900/7 American 
mineral oil are mixed together; then there is added 30 lb. 
fine whiting free from grit. This is done with constant 
stirring. There is then added 2 lb. fresh slaked lime mixed 
with lb. soda crystal solution 32° Tw. The whole mass is 
stirred until it becomes stiff. 

Another grease is made in the following manner: 80 lb. 
of American petroleum oil 900/7 is heated to 250° F., and 
30 lb. pale rosin melted therein; to this mixture is now 
added 220 lb. American 900/7 oil and 60 lb. thick crude rosin 
oil; 60 lb. dry slaked lime is added, and the whole mass well 
stirred until it becomes homogeneous and stiff. 

Another grease is made from 70 lb. thick crude rosin oil 
and 20 lb. thin crude oil, and the mixture is heated to 
200° F., and 10 lb. dry slaked lime stirred in till the mass 
stiffens. 

Another good wheel grease is made by boiling together 
300 lb. brown Yorkshire grease with 60 lb. of caustic soda 
lye of 50° Tw. There is then added 300 lb. crude rosin oil 
and 30 lb. American 900/7 oil; after these are mixed there 
is added 130 lb. slaked lime of good quality. The whole 
mass is thoroughly stirred, and allowed to stand for twenty- 
four hours. The next day the mass is warmed up, and 100 
lb. of American oil 900/7 is added until the mass is of the 
right consistence. 

A very cheap grease of a black colour is got by taking 
50 lb. coal-tar, heating to 250° F. for two hours, then allow¬ 
ing to cool down to 150° F., and adding 20 lb. tar-grease oil, 
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30 lb. crude rosin oil, and 10 lb. dry slaked lime, stirring 
well. 

Another plan frequently followed is to take 100 lb. thick 
crude rosin oil, heat to about 150° P., then stir in 20 lb. 
quicklime, which is first slaked to a thick cream. The 
mixture is well stirred for a few hours, then placed on one 
side for twenty hours. Water will be found on the top of 
the mixture; this is poured off, and the grease heated to 
120° F., and then mixed with constant stirring with 100 lb. 
soft crude rosin oil. 

Solidified Oils .—Petroleum oils may be rendered much 
more viscous, and indeed quite solid, by heating them with 
a metallic soap such as oleate or rosinate of calcium, mag¬ 
nesium, or aluminium, which dissolve in the form of a 
colloidal solution rendering the mass much more viscous, so 
that it sets to a soft or stiff jelly according to the proportion 
of metallic soap added. 

E. Lecocq (French Pat. 439,467, Jan. 25, 1912) uses for 
this purpose wool fat which has been neutralised with an 
alkali or alkaline earth, the product being incorporated with 
a sufficiency of a vegetable or animal oil, fatty acids, or 
hydrocarbon oil to produce a material with the desired 
melting point. 

K. Demuth (Eng. Pat. 6165, Mar. 11, 1911) employs for 
this purpose a stiff paste prepared by dissolving a nitrogenous 
substance {e.g. casein) in ammonia, the proportions recom- 
mended being 1 to 2 parts of powdered casein, 5 to 7 parts of 
water, and sufficient ammonia to form a stiff paste on warm¬ 
ing. The product thus formed is emulsified with an equal 
volume of a fatty oil and then incorporated with 10 times 
its weight of a petroleum oil. 

Another process in which casein is employed is outlined 
in the patents of A. Dinsley (Eng. Pats. 11,129, July 31, 
and 14,520, Oct. 14, 1915); in this case 5 parts of casein 
are dissolved in 10 parts of caustic soda and 10 parts of 
water ; this is stirred into melted tallow until the two are 
thoroughly incorporated and the mass is then allowed to 
cool. One part of this solid mixture is pulverised, mixed 
with 1 part of castor oil and 7 parts of a mineral lubricating 
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(viiArfMai X. 


liiglllD liUHRUlANTH. 

hibriauitH poHW^HB inany iTiiportuni julvaiita^^c^s 
over tlu'. ^e’oaHOH, in (uniHcuiiu'iice of which they arc preferred 
for the majority of purpoB(^B. Their cliu^f Huperiority Mom in 
tlu'. fact that they do not rcuiuire such (joinplicatod ap|)IiancoR 
{^j^rease boxes)^ tli(\y Ix^^dn to act as soon as they a.r(i applical, 
not lUMxlin^ t!ie heat ^anunahul by friction to ma.ke tlumi 
snniciontly Iluid; Ix^Bidc^s which the oilin^^ vessels can 1)0 of 
a simple type, even on the axles of vehicles, bb'nally, they 
exhibit the valuable property that their cotisisiency is loss 
affected l)y the tompertiture of the air than is the case with 
^nxuises. 

^Plie best materials for the preparation of the liquid lubri¬ 
cants are : - 

1. Hperm oil. 

‘2. I tape and col/.a oils. 

b. Olive oil. 

4, Itosin oil, either alone or in association witli lime or 

certain products of dry distillation (pa-raflin)- 

5. bh-ain oil. 

i). NeUitHfoot oil and bone oil 

7. bbie so-called mineral oils (solar oil, coal oil), 

H, l?otroleum and ozokerite. 

9. Hoap solutions. 

/i/JrricaWrq/ Oih in OeneraL—OUH taken direct from tlio 
press are unsuitable for use as lubricants, and have to be put 
ibrou^di a special iroatmont known as refining. 

It will easily be understood that, under the powerful 
proBsun^ to whicli tho cells enclosing the oil arc subjected in 
the press, not only are the colls ruptured, allowing the oil to 

escape, but particles of solid vegetable niattor—mucilage, 

(125) 
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albumin, and other compounds—are expressed with the oil, 
rendering the latter turbid and slimy, instead of clear and 
transparent, the presence of these impurities soon resulting 
in the oil becoming rancid. 

One method of clarifying the oil is to store it in tanks for 
a considerable time, to allow the impurities to settle out. The 
oil, however, being somewhat viscous, and the solid particles 
of rather low density, differing little from that of the oil 
itself, their deposition as a consequence is a very slow pro¬ 
cess, and is never quite complete, however long the oil is 
kept in store. 

Endeavours to clarify the oil by filtration are also not 
altogether successful, the oil running through very slowly 
even at first, whilst the mucilaginous substances present soon 
clog the pores of the filtering medium and stop the process 
entirely. 

If a permanently efficient filter could be constructed for 
treating oil it would be extremely useful in the manufacture 
of lubricating oils. Oil that has been filtered when fresh 
from the press is perfectly neutral if kept out of contact 
with air, that is to say, it contains no traces of free fatty acids. 
This must be regarded as a very great advantage, since the 
free fatty acids are able to corrode metals seriously and 
thereby contribute to the rapid wear of the machine parts. 

Latterly a number of fatty oils have been obtained by 
extracting the oil-bearing materials (crushed seeds, etc.) with 
benzol, carbon disulphide, etc. Oils recovered in this way 
are, as a rule, free from uncombined fatty acids, and there¬ 
fore quite suitable for use as lubricants. 

Pressed oils have therefore first to be refined, for which 
purpose many methods have been proposed. 

The processes consist in the treatment of the oils either 
with acids for the destruction of the albuminous and sus¬ 
pended matters, with alkalies for removal of the free fatty 
acids, or with oxidising agents for bleaching the colouring 
matters. Many methods have been published but we have 
confined ourselves to the consideration only of those processes 
which are in actual use and which have proved particularly 
suitable for refining lubricating oils. (See pp. 23 to 32.) 




CHAPTER XI. 

COHESION OILS. 

It cannot be disputed that some lubricants, the liquid va¬ 
rieties in particular, are very wasteful in use, so that when 
there is a large number of axles in constant vrork, as is the 
case on railways, for instance, the expense of lubrication be¬ 
comes very great, though in other respects they may fulfil 
their purpose adequately. 

To remedy this defect and reduce the consumption of 
lubricant to a minimum, the so-called cohesion oils have 
been compounded, which are, quantitatively, more economical 
than any other kind. 

As the name implies, these lubricants are distinguished by 
possessing a lower degree of fluidity than the ordinary liquid 
grades. 

Opinions vary as to the eflSciency of these cohesion oils, 
for while some large consumers of lubricants declare that 
they prefer them to refined olive or rape oil, others do net 
give such a favourable report, but complain that the cohesion 
oils make the bearings and lubricating appliances very dirty, 
and that the oils deposit such a large amount of sediment as 
to prevent efficient lubrication. 

The author’s opinion, from his own experience in the 
matter, is that an oil exhibiting these last-named properties 
must be classed as bad. Some makers, with a view to im¬ 
proving their products as much as possible, have continued 
to increase the cohesive properties until some of the oils 
placed on the market have been almost too viscous to pour 
out of the can, and would draw out into threads like partly 
set glua 

Cohesion oils containing such an immoderate proportion 
of constituents producing viscosity, will readily deposit these 

fR27) 
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as a sediment on standing, the resulting thick mass being 
unsuitable for lubrication. 

Certain oils of the class in question now being put on the 
market are stated to have been prepared by secret processes. 
The chemical examination of a number of these oils, however, 
shows that certain makers add colouring or scenting in¬ 
gredients (sometimes both) which are quite inert as regards 
lubricating properties, being used for the sole purpose of 
masking the properties of the other components and pre¬ 
venting their detection. 

Nevertheless, despite these intentional deceptions, the 
skilled chemist is able to analyse these products; and the 
various experiments performed on cohesion oils of English, 
German, and American origin, clearly show that they are all 
made from the same fundamental materials. 

Without exception, the basis of the cohesion oils is a more 
or less viscous oil, crude rape oil being most frequently used, 
train oil more rarely, whilst occasionally tallow, palm oil, 
neatsfoot oil, or other solid fat is added to reduce the fluidity. 

In addition to the fats, these oils all contain variable 
quantities of rosin oil, the amount ranging within wide limits; 
and experiments have shown that from 8 to 20 per cent, of 
rosin oil can be used. 

The substance employed for increasing the viscosity is 
ordinary American pine rosin; and the larger the amount 
added, the higher the cohesion of the oil. The additions 
range from 8 to 15 per cent, of the weight of the oil; but it 
is inadvisable to exceed this latter limit, especially if the 
lubricant is to be used at low temperatures. 

The preparation of cohesion oils is usually a simple 
matter. The rape oil is gently warmed in a pan and mixed, 
with the necessary quantity of solid fats (palm oil, tallow, 
etc.) when these are used. The rosin oil is heated, almost 
to ebullition, in a second pan, precautions being taken to 
prevent ignition of the contents, and the rosin, broken into 
small pieces, is added by degrees, one portion being allowed 
to dissolve completely before another is added. Solution 
must be assisted by stirring, to prevent any rosin adhering 
to the bottom of the pan and burning there. 
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When the rosin is completely dissolved, which requires 
hut little time, the solution is ladled into the pan containing 
the oil. The latter is kept constantly stirred ; and when ail 
the rosin solution is in, the fire is put out, and the mass is 
stirred until it begins to thicken. 

The following recipes give the composition of two cohesion 
oils, No. 1 being the thicker, and therefore suitable for quick- 
running, heavily laden axles, whilst No. *2 is suitable for 
lighter ones. 


Under similar conditions, No. 1 
and No. 2 in winter. 

may be used in summer 

Cohesion Oils :— 

1. 2. 

. 95 % 

Eaw rape oil. 

Refined tallow. 

. 5 4 

Rosin oil. 

. li 4 

American pine rosin . . . . 

. 12 8 



Eig. 12a. — Jacketted Pan for Mixing Lubricating Greases 
(W. McNeill & Son, St. Helens). 




GHAPTEE XII. 


LUBRICANTS COMPOSED OF FAT OR OIL AND ROSIN OIL. 

Eosin oil is miscible with solid and liquid fats in all propor¬ 
tions, the products exhibiting properties corresponding to 
those of the components of the mixture. 

Bosin Oil and Train Oil Lubricant :— 

Rosin oil.100 

Refined train oil.50 

Since this mixture deposits a sediment after standing for 

some time, it is important that it should not be used as soon 

as made, but should be stored in vats or casks for a time. 

Solar Oil Lubricant :— 


Solar oil.30 

Refined rape oil.20 


This lubricating oil is particularly suitable for brass and 
bronze machine parts, as it does not corrode these metals 
to more than an inappreciable extent. 

Thich Oil Lubricants ;— 



No.l. 

No. 2. 


Fm' Winter Use. 

Ff/r Suminer Use. 

Tallow . . . . 

35 

60 

Rosin oil . 

10 

8 

Rape oil or olive oil . 

65 

40 


Patent Bosin Oil Axle Grease. —This lubricant, which is 
of a special character, both in its composition and method of 
preparation, consists of a combination of the acids formed 
during the dry distillation of rosin, with lime and the volatile 
oils (rosin oil) also formed during that process. 

To obtain a rosin oil suitable for this purpose, all the 
liquid distillates passing over between 170° and 185° C. are 
collected separately, only the heavier fractions being regarded 
as rosin oil, whilst the above-named lighter fractions are 
utilised direct in place of oil of turpentine. 

(130) 
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The distillation of the rosin is preferably conducted in 
an iron still resembling the retorts used in gasworks. For 
working on a small scale, the ordinary iron or copper stills 
may be used. 

The primary ingredient for making axle grease of these 
rosin oils is slaked lime. This is prepared by pouring water 
over quicklime until it ceases to take up any more. The 
lime soon begins to grow hot, cracks, swells up, and finally 
crumbles away into a delicate powder, namely, calcium 
hydrate, or slaked lime. 

This product is stirred up with just sufficient water to 
form a fairly thick milky liquid, which is then strained 
through a very fine wire gauze sieve, in order to remove 
small stones, grains of sand, and other solid bodies accident¬ 
ally present in the lime. 

The vat into which the milk of lime is strained must be 
fitted with a number of tap holes at short vertical intervals. 
In proportion as the liquid in the vat clarifies it is drawn 
off, until finally there is nothing left but a very fine, white 
pulp of milk of lime. 

Into this the rosin oil is poured in the form of a thin 
stream, the lime being kept stirred all the while. The mass 
soon thickens owing to the separation of water, whereupon 
the supply of rosin oil is stopped, and the operation completed 
by stirring the mass until perfectly uniform. 

The proportion of lime required varies, but 20 to 25 per 
cent, of the weight of the rosin oil is usually sufficient. 

The colour of this grease is pale to dark yellow, according 
to the quality of the rosin oil used: it is semi-transparent, 
and possesses several advantageous properties. When the 
grease is made on a large scale, the rosin distilled on the 
premises, and the stirring effected by some cheap form of 
power, the price of the product works out so low that it is 
able to compete with any other form of grease. 

The second advantage offered is that of general applicabil¬ 
ity. The grease may be used equally well in summer and 
at fairly low winter temperatures, its consistency varying 
only slightly with changes of temperature. Its firmness 
renders the use of any special grease-holder unnecessary; 
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and for ordinary waggons it is sufficient to smear the axles 
well with the grease to keep them effectually lubricated for 
a considerable time. 


Bosin Greases (Jean):— 



1. 

Per Cent. 

2. 

Per Cent. 

3. 

Per Gent. 

Water. 

5-38 

4-90 

5*65 

Rosin oil. 

62'40 

03*20 

58*54 

Mineral matter .... 

32*32 

31*84 

32*82 

Sulphate of lime 

28*80 

28*20 

32 00 

Carbonate of lime . ... 

3*19 

3*41 

1*30 

Insoluble. 

0*22 

0*23 

0*28 


Paraffin Oil Grease .—Towards the close of the distillation 
of crude petroleum certain thick oils, known as paraffin oils, 
come over. These products are admirably suited for the 
preparation of lubricants for heavily loaded axles. These 
paraffin oils are easily mixed with fatty oils, except castor, 
all that is necessary being to run the fatty oil (generally rape 
oil) and the paraffin oil together, and then mix them by con¬ 
tinued stirring. When these greases are to be used on 
machines that are exposed to changes of temperature, it 
must be borne in mind that the consistency of the grease in¬ 
creases considerably at low temperatures, and therefore the 
proportion of paraffin oil must be greatly reduced for winter 
use. The two following recipes are for summer and winter 
j grease respectively :— 

I Paraffin Oil Greases :— 

'I Sitmutier Urejiisc. Winter Grea^^e. 

Paraffin oil.10 6 

Refined rape oil .... 90 94 

It is self-evident that these recipes can also be modified to 
furnish greases suitable for medium temperatures, i.e. spring 
and autumn use, all that is necessary being to alter the pro¬ 
portion of rape oil accordingly. 

These paraffin oil greases, which have hitherto been in¬ 
sufficiently appreciated, form excellent lubricants for both 
axles and machinery, and can be produced cheaply wherever 
paraffin oil is easily obtainable. In addition to perfect lubri- 
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^^tion, they have the advantage of not corroding the machine 

Paraffi 7 i and Petroleim Jelly Grease .—Pure white para- 
and petroleum jelly can be mixed in any proportion by 
^^elting them together, furnishing greases ranging in con¬ 
sistency from that of soft butter to thick salve, according to 
iihe proportions of the two constituents. Being perfectly 
^^ee from acid, they are admirably suited for fine machinery 
^nd axles, running at both high and low speed. 



(UiAi'Ti'ni xin. 


IjUimiC.ANTS KOH SPKC.I.U, I’l'Ul'(ISKS. 


(k'lrnttfit for Quic/i-li’iinnintj A.rlr^ : 


1. SoJip 

l<;ap(fH(5(Ml nil 

Wai/«>r 

Powil(‘i’(‘(l (,alc. 

2. Ikowti (»/<)kt‘rHis 
l^clrnloum 


1 

I 


10 

i 


111 the caH(5 of No. ! tlui in^onuliiuilH an* jnixo«l hy boilii^jf 
and stirrin^^ them to«^^(dih<*i\ whilst for No. I!, nu‘ltinf^^ to|^nd.h(‘r 
is sufllcleiit. 


Pinton-Iiod (Ircdsr : 


l^ininin.I 

Powdorod (.alt*.. 

TlieH<'. am Ktimnl whilnt luti, wickn aro ttuui dipped 

in th(! mixture, and are afterwanlH pn-MHed into |i(i.siti(>n in 
the piston-rod pdand. d'liis liihrie.ant will ontasi* a piKtnii- 
rod Cor K to 14 days with one application. 

Oo(j-Whcd (ircdsv. Any eonvs'nient pasty luhriiauit is 
molted and stirntd up with 5 per cent, by wei/'ht of finely 
f'ronnd and lovi(,'atod powdenal ^,daMH. In a short time this 
Inhricant polishes tins eo^-wheel tecdh pi‘rfetd.ly smooth an<l 
(!vcn. 


Drimiitj-Iielf. Ormitt': ■ 

IiinHCKul nil.. 

hitliarj^o n() 

WaUir '}.0 

These three siilmtanees are boiled tooother until tlu^ mass 
has asHUUKid the eonsishuiey of plash'r, which is thinned to 
about tho same do^n-ee of fluidity as varnish, hy addition of 
oil of tnrpontino whilo 8lif,ditly wann. 

Beltimj (lrr(W. 

Linaood oil. 9 

liitliarge 1 4 
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The linseed oil and litharge are boiled together with water, 
until a sample sets to the consistency of plaster, the mixture 
being then thinned with oil of turpentine while still warm. 

Caoutchouc Grease for Driving Belts :— 

I. Five hundred parts by weight of caoutchouc are dis¬ 
solved in an equal weight of oil of turpentine at 122° F., and 
mixed with 500 parts of colophony and 500 of yellow wax. 

II. One and a half parts of fish oil are melted with 500 
parts of tallow, and the mixture is stirred with the solution 
No. 1 until the mass sets. The grease is laid on the belts 
with a brush, in the vicinity of a hot stove. 


Belgian Cart Grease:- 


Lime, slaked to powder . 

.100 

Tar oil . 

.SOO 

Paraffin oil . 

.800 

Rosin oil ... 

.300 

Strong soda lye 

.12 

Powdered soapstone 

.800 


The dry-slaked lime and the lye are placed in a pan, in 
which they are stirred with the rosin oil until the whole 
mass is white. This being gently warmed, the tar oil is 
stirred in, followed by the paraffin oil, the soapstone being 
finally added. The finished composition is stirred until 
homogeneous. 

Under the same name as the above, a number of different 
preparations have been placed on the market. Their chief 
constituents, however, are those just given, the colour (red, 
brown, blue, or black) being the chief point of difference. 
The red colour is imparted by colcothar {caput mortuuni), 
brown by lamp black, blue by ultramarine or Prussian blue, 
and black by a larger proportion of lamp black. In some 
recipes powdered soapstone is replaced by ground heavy spar, 
which is distinctly objectionable; being a very hard, crystalline 
substance, it is capable of abrading and wearing out the 
machine parts it is used to lubricate. 

English Patent Axle Grease .—This term is applied to a 
whole series of compositions, consisting mainly of a kind of 
lime soap with variable proportions of rosin oil and coal-tar 
oil, the product being coloured yellow, brown, blue, etc. 

The lime soap, or basis,’’ is usually prepared by stirring 










l;{r, TiiK MANrK\( Ti in-: (M* ij inm \\ i ^ 

and lumlin^^ train oil wifli slaked lime until the iwn hca^ome 
unitcid to form a tliic‘k lajititl. 1’he «o*nt‘rat |m»|H»riit.ii of ilu* 
iniJcrtsliontH is 7 parts ol eil tn o <»! hnie , hut tiie exac’t 
amount of th<‘. latter varies ae?*or<lin!‘ to the natui’f* of the 
tra.in oil. Ilie correct am(»nnt is reaetasl w hen iiie prodmi. 
in tlu^ |>an csKhihits a. syrup\ cnnaistency after* Ihsiip, hoiled 
for a-hout an hour. 

d’h(‘S(i patcmt en*a.ses art* maiaJl) prt'paifn! tm a. tar‘»v 
Htailo, 1 lumnertalitaits ladn*^ mist'd tn larru* vats !iftt*d with 
Htirrtu'H driven hy power. Sfirrinu must In'ismtinuetl uuftl a. 
sainplti tak(*n from the mislurt^ .'uSs to a horm»e,eneoUH mass. 

llhifc (Indsr : 

BllhlH.. 

lloHin (It! ttHi 

/t/v/c Vatiiii (h'vttsv :■ 

HanlH. . t**n 

lioHiiii ni! ........ t-‘i 

Coal f-nr nil . . , . . , . . . H» Sa 

d’lujHti proportions may la* varit tl actsaaiiin^ to fht' eonHistt*u(*y 
dc'Hirtal. colmirt'd hhie with ultriimariue or 

Ih'UHHiati hlue. 'riu* hn»wn and hktelv yreases are made in 
th(^ Ham(‘. way, the only ditleri'uce helwtsm (he variou.H kindn 
h(dn|:j[ in tlu^ (piantity of rosin tul and tie* kind of cohmrine 
matter UHtal, 

Hoap iind MinrrttI (Ul I^uhneanhi \ special ^u’eaip of 
luhricantH in formed hy t‘<imp mmlinp sjiap and mnienil oils, 
Whtm petroleum in healt'd with d to .'I p«*r cent, ef iioii.p to the 
hoilii4.( point (»f watm’ for a short iinns with coniinucsl 
Htirrin/.^, the wliole Hcts to a buttery masi:‘f. A smnlii-r remdi 
in obtained hy hoilmp nunin and hme with i'<»siii «ul in a 
Himilar manner. 

The roHin-atuidime soap i.s prepareti hy lreatiii‘,M|Uickhme 
with Huriicittnt wate*r to slake ti ft» pi»wder, which is then 
thinntu'l down with water to form a mdky !it|tmt w!d<di is 
heated to hoilirBi;. Uosiru in the proportion of aliimt 1.1 timf*s 
tluwwei|L(ht of tla^ lime, is .ntirrist inf«.» the hfiiliiin liquid, the 
whoh? h(dn|4 them lt‘ft !•» t*ooh whermipfiii Iht* Hupernatant 
liquid in pourecl otT and the noap <lru‘d. 

To tnake the luhrit^ant, ronm od or lustw tar f»it is lii*iiti‘d 
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and mixed with about 2 to 5 per cent, of the dry lime soap, 
the whole being boiled and sampled from time to time, the 
sample being cooled quickly and examined. If too little of 
the lime soap has been added, the sample will be too soft 
and more soap must be added; but if the sample should 
prove too hard, then the proper consistency is obtained by 
adding rosin oil or mineral oil Since the various rosin oils 
and mineral oils behave differently in this respect, no exact 
recipes can be given, therefore the amount of lime soap 
required for a given quantity of rosin oil must be determined 
by trial in each case. 

GolVs Patent Lubricating Oil .—This preparation con¬ 
sists of rosin oil which has been boiled together with a 
quantity of slaked lime insufficient for complete saponifica¬ 
tion. Hence the composition is really a rosin oil and lime 
soap mixed with an excess of rosin oil. Being perfectly free 
from acid, it can be recommended as a lubricant. 

American Machme Oils and Solid Greases .—A number 
of these products have been found, on examination, to possess 
the following composition :— 


1. Oleic acid 



90 

Petroleum 



10 

2. Oleic acid 



100 

Glycerine 



50 

3. Oleic acid 



100 

Guaiacum oil 



20 

4. Glycerine 



100 

• Petroleum 



10 

5. Glycerine 



100 

Olive oil 



50 

G. Gambler fat . 



100 

Coal tar .... 

. 


30 

Turbine Oils :— 





L 2. 

3. 

4. 

Yellow rosin oil . 

. 200 200 

40 

40 

Blue rosin oil 

. — 33 

— 

— 

Olive oil ... 

1 — 

40 

— 

Bapeseed oil . 

. — 33 

— 

— 

Olein .... 

. . — — 

60 

— 

Cottonseed oil 

— — 

— 

30 

Paraffin oil . 

. . — — 

— 

30 

These oils are suitable 

for all quick-running 

shafts or 


axles under light loads. 
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Bope Grease for Wire Bope ways :— 


Tar.100 

Brewer’s pitch.100 

Colophony.25 

Train oil.10-25 


These are melted together and stirred nntil the mass is cold. 

Schuchart's Patent Belting Grease, —This fat, which is 
intended to prevent leather belts slipping on the pulleys, con¬ 
sists of castor oil containing an addition o| up to 10 per cent, 
of tallow according to the temperature. 

Drechslers Patent Graphite Luhricating Powder ,— 
Finely powdered graphite is mixed to a paste with egg 
albumin, then heated to about 160° F. (to coagulate the 
albumin) and reduced to powder. This preparation is no 
improvement on graphite and tallow mixtures, which are 
cheaper. 







CHAPTEE XIV. 


MINERAL LUBRICATING OILS. 

The name ‘‘ mineral lubricating oil ” is applied to a series of 
products obtained in very large quantities in the refining of 
crude petroleum and the distillation of coal tar. Since these 
oils are unsuitable for lighting purposes, owing to the dim, 
smoky flame they yield when burned in lamps, and become 
more and more consistent as their density increases, they 
may, in view of this latter property, be regarded as true 
universal lubricants, since they can be manufactured in all 
degrees of consistency from very thin to extremely viscous 
oils. They possess, also, the property of absorbing consider¬ 
able quantities of paraffin, and of becoming thicker in pro¬ 
portion to the amount taken up. 

Attention is specially directed to these oils because they 
are easily prepared, and can be produced in large quantities 
in petroleum refineries and tar distilleries. The introduction 
of these lubricants has had a marked influence on the trade, 
and they now constitute by far the most important oils for 
the purpose. 

Owing to their freedom from acids and on account of their 
cheapness, the mineral oils are admirably adapted for the 
preparation of lubricants. In making a choice, selection 
should fall on the heaviest oils, which on account of their 
high density are of little or no use for burning. 

In America the method adopted is to subject the crude 
petroleum to fractional distillation, and as soon as the distillate 
has reached the required density, the fractions subsequently 
passing over are collected and sold as lubricating oil. Properly 
prepared lubricating oils of this kind are almost entirely 
inodorous and pale in colour. They may be used either 
alone—as fine machine oil—or mixed with rosin and paraffin. 

(139) 
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Vulcan Oil is one of the mineral lubricating oils, and is 
obtained in the distillation of Virginia petroleum. It has the 
specific gravity 0*870 to 0*890, and is purified by treatment 
with sulphuric acid. 

Glohe Oil, etc. —The mineral lubricating oils largely im¬ 
ported from America under the names Globe oil. Eagle oil, 
Phoenix oil, etc., have properties closely resembling those 
of Vulcan oil, and, like that oil, are obtained by the fractional 
distillation of crude petroleum. 

Thick Mineral Lubricating Oils (Greases). —These oils 
are prepared by boiling together milk of lime, a vegetable oil 
and a mineral oil, until a homogeneous salve-like mass is 
obtained. During the operation a lime soap is formed, which 
dissolves in the oils; the larger the quantity of this soap, the 
higher is the melting point of the grease. On account of 
this high melting point and the viscosity of the mass when 
melted, these greases are specially suitable for high-pressure 
steam engines. The preparations known as Patrick’s, 
Eeisert’s, Tovote’s greases, etc., belong to this class. 

Recipes for Mineral Greases :— 



1. 

2. 

3. 

4. 

5. 

6. 

Mineral oil 

100 

100 

100 

100 

100 

100 

Linseed oil 

30 

30 

25 

— 

75 

_ 

Ozokerite oil 

20 

20 

35 

_ 

— 

20 

.Rape oil 

— 

— 


40 

50 

30 

Coconut oil 

— 

— 

— 

10 

— 

— 

Rosin oil 

— 

— 

— 


100 

— 

Lime 

9 

5 

— 

10 

25 

15 

Magnesia . 

— 

4 

— 


— 

— 


“ Vaseline.' '—Under this proprietary trade name, or as 
“ Paravaseline,” are placed on the market (in the first place 
from America) lubricants that admirably fulfil their purpose, 
since, being free from acids, they do not corrode the metallic 
parts of the machinery. They consist exclusively of the by¬ 
products obtained in the distillation of Pennsylvania crude 
petroleum. In this process there remain as residuum in the. 
stills semi-solid masses consisting of various solid and liquid 
hydrocarbons of very high boiling point, which, after refining, 
are capable of direct utilisation as lubricants. 
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ParavaseMne.'* —Lubricants of greater fluidity can be ob¬ 
tained by mixing “ Vaseline ” with petroleum; and conversely, 
thicker lubricants can be prepared by the addition of crude 
paratiin or ozokerite. ‘"Paravaseline,” for instance, is com¬ 
pounded of '‘Vaseline’' and paraffin. Generally these 
lubricants are coloured by means of cheap colouring matters : 
colcothar for red, umber for brown, etc. 

Soap and Petroleum Jelly Greases. — Crude petroleum 
jelly mixed with ordinary or rosin soap furnishes a very good 
railway grease, green to browm in colour. 6 to 8 parts of 
crude petroleum jelly are melted together with 1 part of 
tallow and 1 of colophony, li parts of soda lye (20° Be.) being 
poured in in the form of a thin stream, and the whole stirred 
continuously until the mass begins to get viscous, whereupon 
it is poured into cans, drums, etc., for sending out. 

Lanolin Lubricant —In scouring sheep’s wool a product 
known as wool fat, wool yolk, or suint, is obtained, and this 
in turn furnishes lanolin or wool oil. Lanolin, when quite 
pure, is a soft mass of fatty character, but is not a fat, and 
therefore never turns rancid, so that it forms an excellent 
lubricant. It is particularly adapted for axle grease, only the 
crude lanolin, of course, being used for this purpose. The 
method of preparation adopted consists in heating some 
vegetable oil with milk of lime and crude petroleum jelly, 
until a homogeneous mass is obtained, melted lanolin being 
then added in a thin stream and stirred with the rest until 
the product has attained the consistency of soft salve. The 
mass may be stiffened to any desired extent by the addition 
of ground soapstone, clay, or infusorial earth. 


LajioUn Axl'e Greases :— 

1. 

2. 

Rape oil. 

. 10 


Linseed oil. 

— 

10 

Quicklime. 

5 

5 

Water. 

. 20 

20 

Crude petroleum jelly . 

. 500 

600 

Crude lanolin .... 

40 

40 


with clay, soapstone, or infusorial earth in the proportion of 
10 to 25 per cent, of the whole mass. 
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(]YhlNIH'',lt (hIs art‘ a h[hti:U i <»!’ liihrii-altrii* uiln havtii*» 
“body/' hi[j[h bnilirjj^ jNiuit, ittiil tmuifiirv to 

volatiliwi. d’hcy fonHi.sl. tatlii*r ^uilrlv »tf tlir !o,»tb«*r bnilin‘( 
point fraciiciiH of pcdmli'um nr \\u‘ uini** ruiHifnttfttlt'it with 
ho<j[ fat, noatsfoot oil, dv «»{lu*r '»h|j fudi.ibb* uU in i!h* pru- 
portion of alnnit IH prr rtoH. 

In ilm prc'.paration of ovlindi-r ‘'t!', irnm ‘'nnb’ pi*!rolrtnn, 
the latt{‘r in lu'atitd in Hfilbs witli tiium fiii* uJid Inph prrM inrr 
Hk^ain till a.ll tln^ ti|(b((*r pnrtiun*i. ini}ibtlia and lu'r<ranii\ hav<* 
paHHial ov(‘r and a foraddi'rabli* pn>|niiiinn al »«» of flio oila 
whi(di an; UHually ninployt'd fi»r Inbra’afsn‘t |HirjNtMnM, dln^ 
ta^Hidiu; in tin* still iitlw Hi*tt4t»nn*nf furmn i.fiaiin ndinial 
(;ylind(;r oil/’ whirdi in dark tn t’tdtMir and ran bo ubfainod at 
a vory inodivrab; prints Hy (‘ontmurd fnrfiM r hoatinp loplnn* 
f^radt'-H of cyliudnr (til arn (ddHanotl, ubadi aro |iin‘ifii'd by 
oandul (iltratidiu I’ln* pab^ nylnnb'f od i art* propitmd by 
filtorii 4 ( throupdi ardnial (diartmal. 

Not all t’Tiidt; (tils an^ auilablo fjtr tin* mannlin’inn itf 
(^ylindor lubrin.aniH^ and ^p’(»at (atro m rntjinrrd tn l.bt^ |irot’i*HH 
to provont “ c.rackini.-; ” ctr dop.mition of tar. rtr. From a 
Huitabb; oil the; yit*ld in bn( ainalb tboH tbo foliiHvini/ inav la* 
taknn as tli<‘ avc^n^^i* tinioH ttf htstinii^ and fln^ yndda: 

Onlifiary ryliiuhy ctilis t't Uunm . . . jr. |,.,r rr^ia mh ih»trru.|«s 

High fiaHh rylm<i««r nr* Ihmu‘4 . , . h 

Viiry high Ihinh nyhiuh’r nijfij IN n* lUt huvit * ■» Im h / ,/ /’ i 

Vvom tin; (‘xaininaiittn rtf a larna^ nninbor of c-ylmdor 
lubritaitinp; oils, WttllH isrt' ffittlttofo; rhosi* f>ni tuidvo wliirdi 
wtnan(;^pu’(lc‘d an typic.al nj fbt? nsnaJ vjirir*tios, and tJioHi* worn 
fully oxaniiiUHl. Tin* sptadlic »p'avifio:s varind bofwnon (bHH? 

* “ atal Cv hiaha* f,uhn>'ini**i}/' 1 h ff. U, W»ni-> 11 ir 

»hily 17 to AagiiHt hi, ititm, 

ui^i 
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jiiid va-porising t(vtu,perature 154° to 450'’ F., flash 

})()int., (‘J()S(al iiliV’ to 558° F., flash point, open test 288° 
to 570” V. I joss in weight on heating to 360° F. at atmos- 
pluuF^ pr(‘,ssur(‘ HO hours 0 to F2 per cent., ditto at 140 hours 
2*6 to 17 p<‘r (‘(uit. Vis(a)sities at 212° F, (100° C.) 122 to 312 
(waiter a.t 70" h\ • 32) a.n(l viscosities at 600° F. (315° C.) 26 
to 43. 33u‘, most int(a-t‘,sting results are the viscosities which 

a.r<^ S(‘(m to fa.ll raipidly as the temperature rises, and at 600° F. 
th(\y havts almost ai constant value wliich is extremely low 
aiiid in I'acdi a.pproximating to that of water. At ordinary 
temt)(iratur(^s tlu^. oils ar(‘. almost too thick to flow. 

Ac.cording to A. Oormorant^ lubricating oils intended for 
us(i in (aigim^s working with superheated steam should have 
as lu^.ar a^s posHil)I(^ tlie following characters: — Specific 
gravity 0*1)0 ; (luidity at 35”(k, 12° to l.r)°(Barbey); at 100° C., 
100° to 150" (Ihirlx'.y) ; viscosity at 50° G. 50 to 60 and at 
100° (1. 6 in Ktigler’s viscometer; ignition point, close test, 
300° to 330° G. k'or (Uiginos working with saturated steam 
tlu^ figun^s should be, specific gravity, 0*88 ; fluidity at 35° C. 
40° to 50" aiud at 100° 0. 150° to 250°; viscosity at 50° C. 30 
and all 100° G. 35. 

In th(^ nKaisurcmumt of fluidity Barbey’s **ixometer ” is 
(Mn|)loyed. Odds (‘.onsists of a tube 5 mm. diameter and 
200 mm. long in which is fitted a rod 4 mm. diameter centred 
e,xa(*tly in llu^ same aixis as the tube, thus leaving a capillary 
spacH'. IxdiWtaai tlu', rod and the tube through which the oil is 
mad(^ to (low. Tlu^- (luidity is measured by the number of 
e.e.’s of oil which pass in one hour at a definite temperature 
and uiuh'.r a c.onstaut ].)ressiire of 100 mm. The apparatus 
is Hia.ndardis(Ml with fresh cold-drawn castor oil, 100 c.c.’s of 
whicJi pass in that tirrui 100" (Barhey). 

Oils which lose a considcu-able amount on heating, say to 
360° lA, a,r(^ unsuitabk^ for use in cylinder lubrication, because 
not only is this portion given off by evaporation in the 
cylind(‘r arid c.arritui a,way by the steam, hut it passes with 

comkaiHc^ wai(u* into the boiler where it is distinctly detri- 
numtal a.nd in fact dangerous. 

‘ /iull StH\ Ind.j Nord dn la Eranco, lOlB, 41, 158-156. 



of a series of heavy mineral oil (Kuukler). 
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The deposits which occur in the cylinders of steam engines 
have been examined by W. Worrall and J. E. Southcombe,^ 
who found them to consist of an asphaltic or pitchy substance 
mixed with magnetic oxide of iron, the latter probably carried 
over from the boiler by the current of steam. A sample of 
this material consisted of 13’5 per cent, of organic matter and 
86*5 per cenf. of magnetic oxide. The organic matter 
was found to be composed of resinous or bituminous matter 
formed by polymerisation of certain constituents of the oil 
and fatty acids formed by oxidation which were in part com¬ 
bined with the ferrous iron. Similar deposits were found to 
be formed when oils were heated in an iron cylinder in contact 
with finely divided copper when moist air was passed through 
them.^ 

No relationship could be traced between the iodine value 
of oils and their liability to deposit this bituminous material. 

^Jour. Soc. Chem. Indt., 1908, 309. 

J. B. Southcombe, Jour, Soc, Chem. Indt., 1911, 261, 



XVi. 

Tlll'i IMtoClOSS ” OF 1,1'lUUt' ATin\^ oF MMS^ltS. WIOIJ.S 

and sor'riK'oMiu-:. 

I’lii'l pr(‘S(‘iic(‘ of fr<*<‘ fiiU-y juuds in liihrif.aiin^;’ oils luis 
nilvvays bt^tni as (l(*ti’inusital from tlu‘ point of vi<‘W 

of ilitur liability t<> tu)n*(Kli‘. tlui beuirin^^s, but initil rncontly, 
tlK‘. <^nb(!t of fatty atuds on tln^ lubrica,titp*,( valut? of aui 
oil had not nuuavtal v(n*y muoli a.tt<uition. II. M. W(dls and 

d. I'b Houth(U)ml)c states as tlu^ rosult of tiuur (txpt'ricma^ tluit 
“ compound luhri(‘atin< 4 ’oils ” o\v<‘ tli(*ir suporiorily over pur<‘ 
mimuad oils (o tlH‘ fa.(d. tlait a, smaJI propurtinn (»f fiv(‘ fatty 
a.tnd is present, in tlu‘ sapnnifuihlt* oil oi* is p/uiera-ted in it hy 
hydrolysis, a.nd tlu^y propose (o improve Ilu‘(puUity of mimuail 
oils for hd)riea,(.in<{ pnrp«>ses hy a.ddinp' 1 or :i per t’enl. of a, 
fatty a<'id, such improvtaueiit heiip^ elaim(‘{l in tluai' pahuitd 

nuuark tha,t a.(U<ls ha.vinp, low meleeidar weights, for 
instatuui hutyrie, einna.mie ami iiaphlheim* a,eids yield non 
tunulHifiahh'. oils, whihi on t he ot her Iruul aeids wit la liieli 
moliundar vvoi|idd>s, fj/. those (»f ra,pe od, wt>ol prease or 
whale*, oil, pOKhna^ emulsilia.hle oils, tlu* la tter heinp. funtahle 
for ma,rim^ luhrieation. 

In th<‘.ir papea* on d’luairy and Prartu’e of ludua 

e. a.tion,” I\h‘ssrs. Wells and S«mtheotnlH* point out. ttiat 
“ oiliiu^ss ” and vise.o.dty a-n* md. synonyimuis terms sima* tluu’i* 

\c.vy vistauiH h<jui<ls which do not luhrieatie, also it in 
prol)ahl(». that no pun* suhstaaiec' lin,s a. hiph hihrieitiinp value. 

Hy employing tin* “dnjp pijadte/* wlueh measures tlu* 
numh(u* of dr<)|)s piveai by a ilefmite (piantiiy of od, they 
found that the* surfa.<a‘hmsion of annual and ve»pditJdc* oils 
is mue.h lowet' tliaai that (d‘ tmneral ods, their rt-iuHs 
heunp as follows : - * 

‘Kill. 1‘al. l;uvi77, Mny l!ns. 
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Kiiil.y Ai*i(lH, 

l)r<>p 

.luOu’rMGia] 


<5ali'.. m 01oii\ 

Nuiiibur. 

I’oiiHion, 

Miiuu'al oil, Hpotolic, |(nivi(.y O'UOr) 

l*or 0(^111.. 
nil 

101 

100 

,, ,, 1)H par (Uiiiti. \ 

(l(niuiuo’c.ia.l fjiliy aouln ii! por (uaiti. j 

1 *0 

125 

80 

MiiKU'al oil U7 por c.oiit. \ 

(Jommot’oial falliy aciclnH p(U‘<Hniti. 1 

^•8 

IHO 

78 

Oliviuiil. 


.125 

80 

,f 1, . . , . . 

.i-r> 

MO 

1 72 

Rap(^ oil. 

ii-fi 

1H2 

! 76 

OcKsoiiut) oil . 

4vl 

148 

i 68 

Olivo (luuaral) .... 

OvI. 

110 

92 

Uapo ,, 

()vl5 

108 

93 



Mean 'TGiup. 70" F. 

Te.n.sion in 


Number of J )ropH at 

Arbitrary 


(•oUHtant; Orilico and Head. 

Units. 

Minoral alU - 

1‘nranimnn rKUiiduin 

95 

100 

Minoral oil, HnocUit^. gravity 0*905 .101 

94 

Holar oil, mineral 

102 

95 

Non-viHc.oviH miutral . 

90 

93 

Paitjf oUh ; 

Oliv(i .... 

182 

72 

lla))o .... 

188 

08 

Oocxniuli 

IfVl 

59 

liaixloil 

128 

78 


41 ioh(^ n'.HuliH im\ vo,ij definite and point to the fact that 
fatty oiln containin|( nionior Iohh free fatty acids have much 
l()W(‘.r Hiirfacu} tcmsioriH than neutral oils. This had already 
l)(‘on (hunonKtratod l)y Donnan.^ 
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Hpofilii- 

OravitY 

Acid 
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<loe.llu^i- 
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0\‘inj)<n’a- 

11 Keel, pi-r Minute 

H<‘.o.<n!idK, 

at <;0" K. 

as Ole.ie,. 

Krieticm. 

tnrt\ 


Itedwood. 


per e.ent. 



IHiro minoral .... 

978 

0*909 

nil 

0*0084 

62^" 

1 „ „ !I7 t)..r I 






i Pal(^ <‘yrm(l(ir 1 ,, ,, 1 

(lonum^roial fatty acidn 2 p<U’^ 

1 978 

0*909 

1*9 

0*0052 

(>2" 
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solid surfaces more easily, and it should therefore help in 
lubrication, which was found to be the case as indicated 
by the above experiments. 

A series of determinations by L. Archbiitt on a Thurston 
machine under a load of 270 lb. per square inch and a peri¬ 
pheral speed of 7 feet per minute clearly showed the beneficial 
effect of fatty acids in reducing friction. The results are 
as follows:— 


Friction 

Coefficient. 

Pure mineral oil.0*0047 

„ „ „ with 1 per cent, rape oil fatty acids 0*0033 

Mineral oil. 0*0078 

Neutral rape oil. 0*0050 

Acid rape oil (2*4 per cent, fatty acids) . , . 0*0046 

Mineral oil. 0*0078 



Mineral Oil. 

Rape Oil Patty Acids. 

Friction Coefficient. 

1 

100*0 

nil 

O-00G6 

2 

99*5 

0*5 

0*0049 

3 

99*0 

1*0 

0*0045 

4 

98*0 

2*0 

0*0042 

5 

100*0 

nil 

0*0066 



Mineral Oil. 

Neutral Rape Oil. 

Friction Coefficient. 

1 

100 

nil 

0*00GG 

2 

90 

10 

0*0065 

3 

80 

20 

0-0062 

4 

GO 

40 

0-0053 

5 

40 

60 

00047 

G 

20 

80 

0-0041 

7 

nil 

JOO 

0-0043 

8 

100 

nil 

0-0062 


It is evident from these experiments that 1 per cent, of 
fatty acids reduces the friction coefficient equivalent to that 
effected by 60 per cent, of neutral oil. 






CHAPTElt XVII. 


CI.OOKMAKJ^VUB’ AND HEWINCI MACHINE OILS. 

IVuiiBrcUKTH for clocks and delicately coiiBtructed machinery 
in general are uBually prepared from very carefully refined 
rape oil, or preferably fine olive oil. To remove the last 
traces of acid from the oil, it is shaken up with 1 per cent, 
by weight of caustic soda, this being re})eated several times 
daily for two or three days. A large volume of water is then 
added, and the supernatant oil, which is now quite free from 
acid, is pourcul off. 

It still, how('.V(U’, contains colouring matters and certain 
other constitucuits inimical to lubrication: and in order to 
remove tliesci the oil is shaken up with strong alcohol, which 
dissolves them out, 

bk>r this purposes, 10 parts by volume of the oil are placed 
in a clear glass bottle together with 2 parts of 90 per cent, 
alcohol. The bottle is well corked, and shaken up so as to 
thoroughly mix the oil and spirit. The bottle is set out in 
the sun, shaking laving repeated several times each day. At 
tlu^ (md of about three weeks- -though in bright summer 
wcvatluvr, i(vn to fourteen days often suriice—the oil will be 
wn,t(n^-wtut(‘., iho Hup(‘.rMatant layer of spirit having assumed 
a strong yellow tinge due to the colouring matter absorbed 
from oil. 

Tho j)urifi(ul oil is sypliom'-d off and filled at once into 
small, tightly corked glass bottles, which should be kept in 
a cool dark placu',. The spirit can be recovered, by careful 
distillation, in a perfectly colourless condition and used 
again. 

According to the author’s experiments, the best oil for 

ri49) 
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clocks is finest olive oil or freshly pressed oil of sweet 
almonds, bleached with spirit as above, and either used alone 
or mixed together in equal parts. 

Fatty Oil for Clocks .—For oiling clocks the cost of the oil 
is a relatively unimportant consideration, experience showing 
that clockinakers and makers of other delicate kinds of 
machinery will readily pay very high prices for a lubricat¬ 
ing oil that will meet their requirements. Lubricants for 
this purpose must, first of all, have no chemical action on 
metals, and must not thicken or '^gum in course of time. 

As the result of many experiments, the author is con¬ 
vinced that there are only two substances really suitable for 
the purpose in question, namely, olive oil and pure bone oil. 
Oil of ben, however, has recently been recommended for the 
purpose. 

Olive Oil for Glockmakers' Use .—To prepare this lubri¬ 
cant an olive oil must be taken that has been refined by the 
sulphuric acid method already described, and afterwards 
shaken up with about 2 per cent, of weak soda lye to ensure 
the complete elimination of the final traces of free acid. The 
oil and lye are left in contact for several days after a thorough 
shaking, the oil floating on the surface being then drawn off 
and bleached with spirit as described above. 

Like all other fine lubricating oils, the olive oil so treated 
must be filled into small bottles, which should then be tightly 
corked and stored with care. 

Bone Oil for Glock7nakers* Use .—Bone oil is one of the 
best lubricants for clocks and other delicate machinery. It 
is especially useful for turret clocks, owing to its valuable 
property of remaining perfectly fluid, even at very low tem¬ 
peratures, whilst all other oils set, or at least thicken con¬ 
siderably, at or about the freezing point of water. 

To refine bone oil for the purpose in question, the oil, 
after a preliminary refining process, is exposed to a low 
temperature, approaching the freezing point of water, and 
not higher than 35'5° F. 

At the end of several hours, under these conditions, the bone 
oil will have deposited a solid mass of fat at the bottom of the 
vessel, and the supernatant liquid portion may then be poured 
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off. This method of refining bone oil is easily performed in 
winter; but in summer the operation has to be somewhat 
modified. With this object, the oil is placed in a vessel, 
which is then immersed in cold spring water containing 
lumps of ice, fresh portions of the latter being added in 
order to keep the temperature near the freezing point- for 
several hours. The vessel containing the oil may then be 
taken out and the oil poured away from the solid fat. 

A still finer product, constituting the best of all lubricating 
oils, is obtained by treating bone oil in the following manner : 
The oil to be refined is placed in a flask large enough to hold 
three times the quantity. Water-white benzol is poured on 
to the oil in small quantities at a time, and after closing 
the flask the contents are shaken up until the benzol has 
entirely disappeared. By repeating this operation several 
times a complete solution of the fat in benzol will be ob¬ 
tained, this being shown by the fact that the contents of 
the flask will no longer separate into two layers when left 
to stand. 

The flask is next exposed to a low temperature, as described 
above, for several hours, whereupon a deposit of solid fat will 
separate, the quantity of which will be larger in proportion as 
the cooling temperature is lower. The contents of the flask 
are then poured into a second flask, through a funnel con¬ 
taining a plug of cottonwool which retains the solid matter 
and allows the liquid portion to pass through. The resulting 
clear solution of bone oil in benzol is afterwards placed in a 
small retort, connected with a properly cooled receiver and 
heated by means of a water bath. The benzol distils over, 
leaving the refined bone oil in the retort, whilst the benzol 
collected in the receiver can be used again. 

A suitable distilling apparatus for this purpose is shown in 
Fig. 13. The benzol solution of bone oil can be introduced into 
the copper still A by means of a funnel The cock and tube 
are then inserted and connected to the worm B by means of 
a rubber tube. The worm is cooled by a current of cold 
water which is run into the vessel from the tap D and is 
syphoned off by the tube E. The fat remains in the still and 
is filtered through a piece of flannel placed in'a funnel. This 
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portion furnishes an excellent lubricating oil for fine machines, 
such as sewing machines, that are not exposed to low 
temperatures. 

Fine Machine Oil. —Ten parts of rape c il are warmed 
along with 5 parts of 90 per cent, spirit until the latter begins 
to boil, the whole being continuously stirred. When ebulli¬ 
tion of the spirit sets in, the heating is discontinued and the 
liquid is poured into a large flask of clear glass, in which it is 
exposed to sunlight until thoroughly bleached. 

Oil for Lubricating Gas Engine. —Coconut olein 17 parts, 
mineral oil (specific gravity 0*905) 83 parts. 



Mineral Oil for Clochmakers^ Use, —The mineral oil for 
clockmakers' use is a specially refined heavy tar oil. One 
hundred parts of ordinary heavy tar oil are treated with 
2 parts of bleaching powder, well stirred in, followed by 3 
parts of crude hydrochloric acid. The mixture is then 
vigorously stirred, and set aside for six hours. At the end of 
this time the oil is poured off from the watery liquid, and 
repeatedly shaken up with 5 parts of caustic soda lye each 
time. Finally, the refined oil is filtered through grey blotting 
paper. 
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Caoutchouc Lubricant for Sewing Machines :— 

Olive oil .50 

Almond oil.50 

Bape oil.50 

Caoutchouc.2 

Carbon disulphide . 4 


The caoutchouc is cut into very small pieces placed in a 
bottle and covered with carbon disulphide in which it is allowed 
to swell. When this is done it is quickly transferred into a 
flask containing the oils, this flask being placed in a heated 
water bath. Whilst the water is being raised to boiling point 
the mixture is stirred. The swelling of the caoutchouc may 
require several days. 

Care must be taken in heating the mixture of oils and 
swollen caoutchouc, to avoid inhaling the injurious vapours 
of carbon disulphide which are given off; and no open light or 
flame must be allowed in the room in which the operation is 
performed, these vapours being highly inflammable in ad¬ 
mixture wuth air, and even explosive when ignited. 

Minej'al Oil for Sewing Machines :— 

Petroleum.100 

Water.10 

Bleaching powder.1 

The bleaching powder is dissolved in the water, the solu¬ 
tion being filtered and well shaken up with the petroleum. 
At the end of two hours the oil will have separated from the 
bleaching powder solution, it is then decanted and shaken 
with an aqueous solution of caustic potash, from which it is 
afterwards separated by distillation. 

Seioing Machine and ClockmaJcers' Oil :— 

A mixture of— 


Olive oil . 3 

Almond oil.2 

Kape oil . 1 


is treated with alcohol as already described. This mixed 
lubricant is fairly fluid, and is therefore admirably suited 
for oiling very fine machine parts. 

Becipes for Motor Gylmder Oils. —For small gas engines 
(6 to 20 h.p.) a suitable cylinder oil can be compounded of 94 
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parts of Bnssian engine oil I (specific gravity 0*906 to 0*908), 
and 6 parts of refined rape oil. For the same motors that have 
been some time in use, the mixture may consist of Eussian 
engine oil I, 80 parts, FFF valve-cylinder oil 10 parts, pale oil 
0*900 to 0*907,8 parts, and palm oil 2 parts. For 1 h.p. motors : 
Solar red oil 85 parts, steam-refined, extra-filtered cylinder 
oil, cold-test, 15 parts. Another approved recipe for 15 h.p. 
motors consists of: Solar red oil 80 parts, FFF valve- 
cylinder oil 15, best bone oil 5 parts; whilst for a 30 h.p, 
motor a thicker bone oil should be used, the proportion 
remaining unchanged” {Organ fur Fett-und OeUHandd). 




CHAPTEK XVIII. 

EMULSION LUBRICANTS. 

When a fat or oil is shaken with a weak solution of a caustic 
alkali or an alkaline carbonate and the mixture is allowed to 
stand for a time, usually some of the oil separates and rises 
to the surface, but more or less of a milky fluid or emulsion is 
formed between the oil and the aqueous liquid, this emulsion 
consisting of innumerable minute globules of oil suspended 
in a clear fluid. 

Oils containing free fatty acids are much more easily 
emulsified and form more stable emulsions than perfectly 
neutral oils; in fact, the emulsion is sometimes so perfect 
that no oil whatever separates. The same result is arrived 
at when soap is dissolved in the water. 

Mineral oils, owing to their neutral characters, are not 
emulsfied by alkalies, but they can be emulsified with soap 
solutions, the solutions thus formed being now employed on 
a very large scale under the names of ''screwing” and 
" cutting ” compounds. 

Prof. F. G. Donnan and H. E. Potts ^ have shown by 
experiment that in the acetic series of fatty acids, the sodium 
salts of the acids up to and including caprylic acid had no 
emulsifying powers, those of pelargonic and capric acids 
formed very weak emulsions, while the salts of lauric acid 
and the higher acids were strong emulsifying agents. With 
the sodium salts of lauric and myristic acids the emulsifying 
power increased with increasing concentration up to a certain 
point when emulsification decreased, due, they believed, to 
the positively charged sodium ions " salting ” out or coagulat¬ 
ing the negatively charged oil particles above such concentra¬ 
tions. By using Lewis dropping pipette they were also able 

1 Zeit. Chem. hull. KolL, 1910, 7, 208-214, 
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to measure the svirfacK! Uitisioti Ixiiwinin the. sodium salts ol 
the fatty acids and a hydrocarbon luhricatiu” oil, (xmtaniinf' 
about O'l ]>cr cc.nt. of fatty acids which they louiul did not 
intluoucc the nisnlts. '.I’licse mcasunmuiuts showed tliat with 
the acids from accd.ic to (imanthylie then! was very littlc> d(!- 
creaso in surface! t(!nKion witli inen-asiuf,' concentra.tion of tin* 
salt, hut with caitrylic acid iind tlu! hiolier a(!ids the decnsiW! 
of surface tesision was V(!ry marked, this decrease! hemif' 
greater in prope)rtie)n te> the! nmle'emlar we!ighl e)f the! aedd. 

Hulphonatfd OUk Kidphonate-el eaisteir oil e>r 'I’urke'y real 
oil, e)wing te» its preipeerty eif elisseilving eir eamdsifying with 
water, is e)fte‘n useal as an emiulsifying agent. 

M'he following particulars reelating tei seilnhh* eeils are! given 
in the! issues eit Thr. Oil. and dolour Tf(i.drs Journal fe>r Ne)- 
vemher 4, IB, 1 feaeomher'2, Ihlh, ami h'eehruary ‘21, I‘.)17 :■ ■ 
Holuhle OUk. -Thee reeaedieui e>f eameeentrateMl sulphtirie! ariei 
em fatty acielse.rneeutnil hits pre>ehie!e'S sidphomhed hitly imi.ls, 
whie!h,'wdieen heeilesl in weiteu-, split up into oxyoleie- iieid. oxy- 
stexu-ie! ae-.id, anel laed.one's, writees K. hdirsam, in tin- l{|■rl<r 
dcK Produits dhimiqucu. In wlelition. when the- original 
material was a neutral fat. the' prodm-t eontaiiis sulphoglyi-e-ric 
aeiiel, whie-.h is ile-i-omposesl by hmling wates' into glyes-rim-ami 
sulphurie! aeiiel. ddiis ae*tieiii eif sulphuric iiedel on fati<\ f*ule 
stane;e!s is utiliseiel in the manufai’lure ol H(i'arine\'I'tirke-y reel 
eiil, and either seduhle eiils. In tlm last nami-<l l•asl^ howe-vm-, 
the reactiein is neit alleiwesl to proceed imedii-e-ke'il. the sul- 
phonatiou tieiing steippeiel wheeii it- has n'liediesl a e’(*rtinn i-diige. 
The same jireicess is eemploye'el for convi'rtin;; edive oil, pulp 
eiil, anel seied eiils into sulphemate'il fatty aedils, of wdiiedi the* 
sulpheirieiinie! aeiiels are! the meist vuluahle, Kiiii'i* none of the! 
othe!!-eiils furnishes proelucts so Holuhle' as tlioHi- from i-aHtor 
oil. 

The Hulpheiricinatiis, sulpholeati's, inul Turke'y ri'd oils are 
eihtaineid liy washing tlm Kul|ihe)nali‘il oils with alkali, iniil will 
them elisseilvi! to a clear seilutioii in water. TlHm<;h formerly 
restric.teiel tei the elyeing anel printing of emtton fahrie-s, these 
eiils neiw find numereius applieation.s in the* arts. 

The principal uses eif the sidpholi'iiti'.s are in tin* iiye*ing, 
printing, anel elrossing eif eioltein fahric.H, hut the*y are* also 
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employed in the woollen industry for scouring, softening, 
milling, and dyeing. A small quantity is also used in the 
silk industry. 

In the oiling (softening) of fibres the sulpholeates offer 
the advantage of being easily washed out again without the 
aid of a soap bath, as soluble oils. The sulphoricinates give, 
with water, limpid fatty solutions, which do not decompose 
in the presence of the small quantities of lime or magnesia 
salts in industrial waters; added to dressing and finishing 
preparations, they advantageously replace glycerine to impart 
gloss to the fabric and render the latter soft in spite of the 
starchy matter with which the material has been loaded to 
impart substance and weight. 

When concentrated sulphuric acid is mixed with an oil it 
destroys the mucilaginous, albuminoid, and other impurities 
present in the latter, and produces a residue which colours 
the oil. At the same time, heat is generated which has an 
adverse influence on the process. Consequently, when the 
colour of the final product is a matter of consideration, the 
pale oils from the first pressing are generally employed. On 
the other hand, the sulphuric acid exerts a catalytic action 
on the oil by combining with the glyceride and liberates an 
amount of heat which is the greater in proportion as the 
reaction takes place at a larger number of points simul¬ 
taneously in presence of a large excess of the acid reagent. 
In these circumstances saponification may occur, and a libera¬ 
tion of sulphurous acid injurious to the quality of the resulting 
product, if the velocity of the reaction should exceed a certain 
limit by reason of the high temperature. It follows, there¬ 
fore, that the oil under treatment should be kept in active 
agitation while the sulphuric acid is being added, in order to 
distribute the latter as completely as possible throughout the 
mass. The pouring of the acid should be so arranged that 
the quantity introduced into the oil may be broken up into 
minute particles in order to obtain,-rapidly, an intimate 
mixture, the temperature of which will not exceed 104'' 

This result may be accomplished by allowing the sulphuric 
acid to fall, drop by drop, into the stirred oil, stopping the 
addition, if necessary, until the temperature of the mixture 
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has again become normal. In small works, where sulphon- 
ated oils are prepared from time to time as required, the 
operation is performed in a wooden vat mounted on two 
trestles and provided with a discharge orifice for drawing off 
the washings. This orifice is closed by a wooden plug fixed 
on the end of a wooden rod which extends above the top of 
the vat for the convenience of the operators. An earthenware 
vessel containing the acid is placed on two beams so as not 
to obstruct the work whilst allowing the flow of acid to be 
easily regulated by a tap or leaden tube, 2 to 3 mm. in dia- 
meter, closed by a spigot. Eubber gloves should be worn 
while stirring the oil with a hardwood paddle; but since wood 
is a bad conductor of heat, there would be no advantage in 
immersing the vat in a refrigerating mixture. It is, there¬ 
fore, necessary to stop the flow of sulphuric acid for about an 
hour, at intervals, in order to prevent the temperature of the 
mixture from rising above the specified limit. It should be 
noted that sulphonated oils made in a wooden vat are always 
dark coloured, in consequence of the action of the acid on the 
wood. For making small quantities, the vat may, with 
advantage, be replaced by a vessel of earthenware or porce¬ 
lain. 

Owing to the length of time and amount of trouble en¬ 
tailed by the above method, it is better to add the acid more 
quickly and to cool the mixture artificially, using a lead-lined 
sheet iron tank as the mixer; care, however, being taken that 
the temperature of the mixture does not fall below G8'’ F., 
because, owing to its viscosity, castor oil does not readily mix 
with the acid when cold. The colour of the finished pro¬ 
duct, however, is paler in proportion as the working tem¬ 
perature approaches the above minimum ; nevertheless, in 
view of the length of time required, the process is generally 
carried out at about 86° lb In order to distribute the acid in 
a state of very fine division throughout the oil, the latter is 
agitated by a blast of compressed air. 

In some chemical works a jacketed, flat-bottomed 
mechanical mixing vessel is employed, made of sheet iron 
lined with lead, and cooled by a circulation of cold water 
through the jacket. The mixing apparatus consists of 
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paddles mounted on a vertical shaft, and may be made of 
metal faced with lead, or of hardwood parts secured together 
without glue. These mechanical agitators are run at a 
speed of about 30 to 40 turns per minute. The temperature 
of the mixture during the operation is checked by means of 
a thermometer mounted on the agitator in such a way that 
the bulb passes through a hole in the top paddle and dips 
into the oil. The leaden vessel containing the sulphuric acid 
is located above the mixer, and the tap is set to deliver a 
stream, about as thick as a match, through a nozzle 3 to 4 
mm. in diameter, the rate of feed being from 10 to 24 Ib. of 
acid per hour, according to the quantity of oil treated and the 
efficiency of the cooling medium. 

The proportion of acid (66° B. strength) required for sul- 
phonation usually ranges from 20 to 25 per cent, of the 
castor oil treated, according as the oil is first or second run¬ 
nings and to the extent it is desired the process should be 
accelerated. This proportion increases to 30 and 40 per cent, 
for sulphonating olein ; whereas, for certain Turkey red oils, 
the castor oil may be sulphonated with 12 to 14 per cent, of 
acid. 

When the oil, the temperature of which should not fall 
below 68° R, is in the mixer, the stirrers are set going at a 
speed of 20 to 40 turns per minute, depending on the diameter 
of the mixer. The lowest paddle should be situated as close 
as possible to the bottom of the mixer, and arranged so as to 
direct towards the surface the sulphuric acid which tends to 
settle down at the bottom during the first stage of the pro¬ 
cess. The stirrers should be kept at work until the whole 
of the acid has been intimately mixed with the oil, and the 
temperature of the mixture falls without the assistance of 
external means of cooling. This usually occurs about two 
hours after the introduction of the acid, the flow of which is 
regulated so as to keep the temperature down below 104° F. 
—if possible between 86° and 95° F.—this being the most 
suitable for the process. The resulting sulphoricinate will 
be the clearer and paler in colour in proportion as the acid 
is fed in more slowly. 

If, for example, 2 cwt of oil be treated, the acid feed is 
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regulated so that the whole amount will take ten hours to 
run in, the rate being therefore 4^ to 54 lb. per hour. 

At first the oil remains clear, except where it is turned 
brown at the seat of contact wuth the jet of acid ; but after¬ 
wards the mass assumes a greenish tinge, the oil becoming 
progressively thicker. No noticeable smell of sulphurous 
acid is given off, provided tlie teinperatiire remains normal 
and the oil is not second runnings contaminated with mucli 
chlorophyll and mucilage, which substances are destroyed by 
the acid and furnish products wliich colour the oil to an 
appreciable extent. 

Two hours after the introduction of the acid, and when 
the mixture has decidedly cooled, the stirrers are stopped, 
and the mass is left at rest for twelve to fourteen, liours, with 
occasional stirring. At the end of that timc^, about twenty 
drops of the sulphonated oil are placed in a test tube con¬ 
taining warm alkali water, and after being sliaken up are 
left to stand for a minute. If no separation occurs the oil 
must be washed, without delay, to eliminate the excess of 
sulphuric acid. 

With this object the sulphoricinic acid, whicdi will be of 
a dirty brown colour, is drawn off* into a lead-1 iru'.d wooden 
vat, where it is washed several times—depending on tlie 
final product desired—with wattu; at 85'’ to U5“ The sul- 
phonated oil being insoluble in acid wattu:, the first washing 
may be effected with one or two volumes of pure watcu:. The 
strongly acid washings will settle down in about (jiglit hours, 
and should then be drawn off. Tlie second washing is 
effected with a similar quantity of water (jontaining 10 per 
cent, of common salt, the washings in this ease settling down 
in three to four hours, For the third wasliing three volumes 
of water, containing 15 per cent, of salt, arc used. In some 
cases the washing liquors are replaced by a solution of sul¬ 
phate of soda. 

The washed sulphoricinic acid is sulllciently |)ure for the 
majority of industrial uses, but for certain products washing 
should be continued until the final washings no longer ex¬ 
hibit any traces of sulphuric acid. This condition can be 
ascertained by treating the washings with a solution of 
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barivuu dilorido, wln'di will precipitate sulphuric acid when 
present. 

The empleynuint of a sodium salt in the washing liquor 
efl'e.c.ts a quie.kor and more complete s<'.paration of the sulpho- 
fatty acid, which would partially dissolve in pure water. 
Sulphate of soda is used in profennice to the chloride when, 
for ('xamplc, the washing is performed at or above 104“ F., 
since! both the free Hulphuric acid and the sulpho-fatty acid 
act on common salt with liberation of a certain (piantity of 
hydrochloric acid, which in turn is capable of decomposing 
the sulpho-fatty acid into fatty acid and free sulphuric acid. 
This reaction is most liable to occur during the first warm 
washings, tlu! excess of sulphuric acid being then in a sullici- 
ontly concentrated state to react on the sodium chloride. 
The washing li(iuor should not bo introducaid into the vat all 
at once, but gradually added to the oil, which is kept stirred 
all the time. 

Two cwt. of castor oil treated in this way will yield 240 
to 245 lb. of washed sulphonated oil, composed mainly of the 
sulphuric cither of ricinic acid—a mixture of mono- and poly- 
ricinic acids. 

The product is suitable for general application, though 
the mauufacsturing procioss has to be modiliod for the. pro¬ 
duction of certain special soluble oils whicdi will bo described 
later. 

This group of special products also comprises the oils 
known as “monopole” and “ totrapole,” employed in the 
textile industry, 'rhosc differ from the other sulphoricinates 
in that their solutions are not rendcsrcxl turhid by the presence 
of lime or inagiuisia. “ Monopole ” oil is prepared by treating 
castor or other oils with concentrated sulphuric acid. The 
sulphonated oils are washed and converted into oxy acids by 
boiling. Those latter are heated to between 104" and 212" F. 
witli a glyecM'ide, and the mixture after cooling is again 
treated with sulphuric acid. l'’rom 25 to 75 per cent, of oxy- 
fatty ac.ids am taken to 75 to 25 per cent, of oil (glyceride). 
The product is again washed, and is neutralised according to 
reciuirements. “Totrapole” is a mixture of carbon tetra- 
chlorido and a sulphoricinate soap containing IK to 27 per 
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ciMxt of fatty a(*.i(lH. It, too, will a limpid nolution, rve^n 
with hard wnio.v. Otluu’ similar prodii(d.s an* mot witli in 
comm(n‘(U‘. 

d1u^ solubles oils obtaiiH'd by !u*.utra,lisirp.( sfdpimricdnic? 
a(ad or otiu*!* HuIj)Iio-ra,tt 3 ' afids a.ro us(*d as mordants in 
dy(‘.in^ 4 \ as (•.olonr inH’n‘(li(mts in |)rintit 4 i: on to^ctib* fnJjrios, as 
HofUsdno a.^a*.ntH in dn^Hsini? propa-rations and baiohini,^ ttr 
Hofti'nin^jj libr(‘.H, and as tool hdaaoaiits in nundum* shopH. 
’^rho Hidplmlc^atc^s art^ sold in tint form of atpuaHis Holutions, 
and as th(‘.y (‘.ontain 20 to HO pt*r c.ont. (d w'aica* the* [jroporiion 
of Hulidio-fatty a,(-ids must Ix^ asc(‘rtaim‘d in ordcu’ to dt*tc‘rmin(! 
tlu^ r(*al valtu^ of tli<^ articles. 

Oils for turk(‘y red and similar |)urpoH(‘H aia^ obtaimal by 
inaitine ihe* vvaslnul sulplueratty aeads with a solution of 
(‘.arbonaU^ of soda, (»r eanslii^ soda, or with ammonia ^(as, 
until the*, product is muitral or only faintly acid. O’Ih^ ma,ss 
is stirr(‘d to rt'nder it ira.nslu(*(‘nt. Odi<* sodium suIphoricimiU^ 
mafV (da«rify b<;for(^ it has b(*{aMne neutra-l, if too much sulphuric*. 
a,(dd lia.s b(*(‘n us(‘d on the ca.stor oil, av if the reac’tion has 
b(u*ii too prolon^((‘ti. \Vhi‘n this is the ra,H(‘ an additicui of 
a.lka.Ii Hid)Ho<(U(*nt to <*larili<’atinn will iraaislorm tlu^ snlpho'- 
ricifiic*. acid into a hard Hoa,p. If, on tin* other hand, the 
Hulplioric.iuate n'uiainH cdoudy a-fter having been netitra,lined 
with soda tlu^ addition of that alkadi is HtiHp(*nded, and 
ammonia is addtul until tin* litpiid (*.!ari(i<‘S. Shcnild tin*, 
turbidity ptirsist inHuOicient washine is indicated, acui in sucJi 
e,V(mt Htdphah^ td soda or cd ammonia is fornH*d during 
luuitralisation. In ordca* to (‘birify tin* liqind the oil must Ih^ 
l(dt at r(‘.Ht at a hatipe.rature <d HIV' to Ub b'., to allow 
salts to s(dtl<‘, down. 'Plu^ sohdde dreH^dnf.^ oils arc* usually 
Hulphoric.inates of soda, whilst thorns for dyednij arid printin^^ 
arci tuvutralimsl witii ammonia or a mixtiu’c td Hinla and 
ammonia. An (^x(u*-sh of ammorua int*n‘aHt*H iln^ snlubility td 
the Hidphoritdmatci witlmut tin* inconvt*iuen<*eH iluit wtuUd 
arisemf an e.xctms of caustic, sotbii wt*r<‘ UH{*d. C’tau4et|ueritly, 
if th(‘. last-nanual btMunployt'd cady about four fifths td tlie 
acidity should be lU'utralistHh tin* (Operation brin|^^ t!omi>ltd.etl 
with ammonia. It is pr(d<*rable to m^uiraJist* four fddhH of tin? 
Bulphoricinic acid with soda, and the, remainin',^ one-fifth to 
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make the whole neutral with ammonia. The amount of 
alkali required for complete neutralisation is about 13 per 
cent, of ammonia (22° strength), or 5 per cent, of caustic 
soda in the form of a lye of 20° to 36° B. strength, according 
to the desired concentration of the oil; for example, 20 to 
22 per cent, of 36° lye. 

The preparation of concentrated sulphoricinate, for ex¬ 
ample, one of 80 per cent., presents certain difficulties, the 
mass becoming gelatinous on the addition of strong alkali, 
unless introduced in small quantities at a time. On the 
addition of each successive fraction of alkali the liquid turns 
milky, but clears again on stirring. When sufficient lye is 
in, the liquid begins to froth. The alkalinity is tested with 
litmus after the sulphoricinate has been stirred awhile. The 
operation is completed by stirring until the liquid is perfectly 
limpid. The finished product sometimes contains white 
granules due to defective and partial sulphonation arising 
from insufficient mixing. 

The important point in the preparation of Turkey red oils 
is to find the precise degree of neutralisation or alkalinity 
suitable for the application of these fatty mordants. This, 
however, can easily be ascertained, with a little practice, by 
the aid of litmus paper. 

The textile industry also uses acid sulphoricinates. 

When neutralisation is finished the product is dissolved 
in soft water, the amount of which depends on the selling 
price and the uses for which the oil is designed. Turkey red 
oils contain nominally 50, 60, 70 and 80 per cent, of sulpho¬ 
ricinate, though the actual percentage of the 50 per cent, 
grease is only 39 per cent, of fatty substance, whilst the con¬ 
centrated grade has only 78 per cent, of fatty acids. 

Owing to the tendency of the oil to thicken when con¬ 
centrated alkali is used for neutralisation, it is preferable to 
operate with a 20° to 30° lye, provided the strength which 
the finished oil is intended to have permits. 

The best method of preparing sulpholeates is by treating 
120 to 200 lb. of oil at a time. The modus operand! is as 
follows: 120 lb., for instance, of the oil are placed in the 
mixer at a temperature of 59° to 68° F., and 30 lb. of 66° B. 
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sulphuric acid are run in in the course of four hours, the tem¬ 
perature of the mixture being regulated so as to be as near 
86° P. as possible, and not to exceed 104° F. After all the 
mineral acid has been added the mixer is kept running for 
two to three hours, after which the charge is left over night 
in a cool place. 

Next day the acid mixture is gradually transferred to a 
washer containing 11 gallons of water, which is stirred up 
with the oil so as to produce a homogeneous, viscous, and 
whitish emulsion, to which another 11 gallons of hot water 
of condensation are added, with stirring. The mixture is 
then left in the washer for six hours, being stirred at intervals. 

In order to facilitate the separation of the water a solu¬ 
tion of 4^ lb. of sulphate of soda in 2^ gallons of water is 
added, and the well-mixed mass is left over night, the water 
being drawn off next day. A yield of 71*5 of washed 
sulphonated oil should be obtained. If this is exceeded a 
smaller amount of water should be used in the next batch, 
not only because the concentration of the oil is lowered, but 
also, and mainly because this acid water increases the con¬ 
sumption of soda. If a sodium sulphoricinate containing 
60 per cent, of castor oil be desired, 3f gallons of water and 
2 gallons of 40° B. soda lye (corresponding to 9-J- lb. of 
caustic soda) must be used for neutralising the above product. 
The washed oil is generally neutralised by mixing with it the 
necessary quantity of lukewarm water to bring it to the 
proper strength, or else this water is added with the lye. In 
any case, the lye should be added to the oil in small quantities, 
which are intimately mixed by constant stirring. These 
additions should be made at longer intervals, as the con¬ 
centration of the lye is higher. As soon as the lye is added 
the mass turns milky, but afterwards clears, and there is 
finally obtained a yellow-brown sulphoricinate, which throws 
up colourless soap bubbles. When this stage is reached the 
addition of lye should be stopped, although the oil has still a 
slightly acid reaction and gives a milky solution with water, 
the solution, however, clearing when a few drops of ammonia 
or lye are added. If sufficient lye were added to give an 
alkaline reaction with litmus, a compact, viscous mass, giving 
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i\ tiirl)i<l Rohition, witli wat(^r, would bc3 ol)taine<l Tf it bo 
(U'sirod to obtain a Rulphoricunato whicli will fiu*niHh a liiupid, 
solution, tlui Tuuitralisation sliould Ix^ (U)ni|)lot( 3 d with aimnonia. 
Assuining tlu3 otKU'atiou to havci btuui properly conducted, a 
yield of 22*1 lb, (22 ^uUlons) of Bulplioriciiiato will be obtained. 

In prcipariufj; potassium sulplioricinatca the same method 
is followed, the caustic, soda l)oin^^ roplaccui by a solution of 
2() lb. of carbonate of potasli, or 2 ^uillons of caustic lye of 
•17" B. strength. 

Similar means are adoptcul in the preparation of sulph- 
oleatcH from olive oil, col/.a oil, or otlu^r seed oils. Oleine, 
too, may l)e sulphornited witli at least 30 per ccait. of 66" B. 
Bulplmrie acid, in order to ol)tain a Btable solubles oil. Thesti 
Bulphol(iat(3S, how('.ver, being U'.hb stable than the siilphori- 
einat(‘.H, are fre([uontly mixed with tlie latkn* wlien castor oil 
is dear, 

Tliese prodiK^ts are not mot with in a concentrated state 
in (5ommerce, but are sold in the condition of 40 to 50 per 
C(uit. oils. Their actual or commercial value depends on the 
strengtli; hut it sometimes happens that the seller, who 
guara-ntecs the buyer a 50 per cent, contcuit, does not Bupply 
this, 50 per coni of sulpholeatc reprcHenting only about 
40. per cent, of fatty acu'd. In fact, sulphonated and 
muitralised oil, even in the most highly concentrated form, 
only contains 80 per c.cuit. of fatty substance. Clare should, 
tlu^refore, 1)(3 taken to corner to a proper understanding before 
placing an order for sulphokuites. 

Holublfi Oils for M.aohim Tools,-- shops used 

tt> employ an aepuums solution of ordinary soap as a lubricant 
in drilling, milling, (dc., or of oils for screw-cutting, etc. The 
soapy water oxidises th(3 work, whiht the oils do not possess 
a Bullicient cooling capacity to facilitate the operation of tlu3 
tools; and, besides, pure oils are too expensive. These 
li(|uids liave bccui readily and advantageously replaced by 
soluble oils. An oil of this kind, in order to satisfy the 
rcMpurcmumts of the engineer, should fulfil the following 
conditions 

(1) It should bo readily miscible with ordinary water, 
without separating out again during fairly long storage, and 
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without (l(*,})OHitinF; a stuliiuurit iu Uh' st(ira.‘:o n‘(a‘|)t4U*I(». 
(2) TIh^ I : 10 a(|U(nmH solution shnuld not rtwlily d(‘rnin|H»si\ 
(0) li(|ui(l should not (!orrodo tho niacdiint* tools or iho 
work ; and, on tlu^ f.ontniry, shotild protort thoui from rust 
(•!) d’i)(‘. oil should not havut a.ny unploaHanf HUioll. 

Odu‘, neutral fats an‘ insoluhli* in waJ.or, a.nd will rad. mix 
with that li(|uid uiih'SH th{‘.y ar<' in tlu‘ f«jnn <d’ aJkali Halts. 
Tliorc^. is, tluuH'ioni, no such thin‘( as a soluhlo oil, pndHtrly 
Hpoakiufj;, hut tlua’<^ art', soluhhi soajH, or oils which art^ 
iniscuhk^ with watin* hy inoa-im of tin* Hou.f> they contaan. 

•'Pwo hoditts whitdi a.n* not mutually soluhio may hootHno. 
misc.ihh^ on tlu^ a.ddition of a thinl suhsia,nt*o whitdi in mduhlt^ 
in ono. or otlua: of tluau, or wlnai tln^ mixtunt of tin* two 
in^uxulie.nts is soluhlt^ in th<^ third Hulritaiuu*. 

Odin okaitn is nion^ soluhln than tlin Ht(au*a,tt‘, and is morn 
readily Holuhln in hydronarhons when it tauitaJiiH an c^xet^sH 
of olcun, thou^di tlm solution htauamns cloudy whtm thccxccsH 
is la.r|d{^ 

A niixtun^ c.omposcd of I |)a.rt of tdtdc ac'id and 2 parts of 
mima’al oil is cJoudy or opalcmamt, hut will clarify on the 
addition of ()'25 part of alcoholit* alkali. If a larger propor* 
tion of alkali h<^ addtal, the. litpn’d lasauiu's turbid at the plant* 
of c.ontac.t, hut will clear up when the mixture is Hhaken, 
until ()“H part of aic.oholic. litpiid (‘ontainin|.^ H ptu’ ct‘nt. of 
ammonia has htuai addtsl. Whtai this point, has been rtaudnvd 
the. oil rtuuains opalesctait, twen a-fttu* prtdonBcd shakiniB the 
amount of alkali lH‘in{.( tuxet-Ksivt*. 

A mixiurt^ of n((ual parts td' mine.ral tdk ehst* acid, ami 
the ahov(i alc.oholic. alkali ^i^ive.H a ch‘ar litpiid which hirms a 
stahltB milky (‘inulsion with 1) to lO parts of water. 

II 2 parts of litpiid iiaraflin (paraJlinum Ikpudum) hv, mixed 
with i part of ohu’t*. a(ud and ()'2n part td alc.tdnd, a. tdeafr 
litpiid is also ohiaintalj hut on the amount td' ah’ohol lutiipd 
increased, the sanm turbidity oc.curs as whtm toti much (dtde. 
acid or alcoholic alkali is used, ddie mixture, turns cdoudy 
first at the plane of contac.t with the ahuihok ami tlien (dears 
a^uiin on shakin^.^ but when tin*, proportion of ale.ohol 
r(3achos O’H per cent an emulsion is fonmul. 

The alcoliol is the bond of union eoniuudmif^^ the uncom» 
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biiKul ()1(‘J(‘. acid or its Roap with the niinoral oil. ^hhc alcohol, 
however, (;airi h(‘, difripeiiBed with when the Roluhlo oil is a 
Hulphohuiki. 

^rhe ((uality of tlic rcBviltinfjj product is influenced hy 
inodifyin^^ tlu^ percentagci proportionn: a little more hydro- 
(‘,arhon, a little lenn oleits acid, a.n over-ntrong ly('., too much 
or too littlci alcohol, and alno hy the presence of impurities in 
the raw materials. Any variation disturbs the ccpiilihrium 
and produces a turbid oil, which gives a deposit, and will 
form a turbid emulsion with water. 

^Ilhe aiuoimt of soap recpiired to emulsify the hydrocarbons 
with water varies ac(U)rding to their density and viscosity. 
Th(^ typical solul)Ie oil is obtained in the laboratory hy mix¬ 
ing vaiscdiru^ oil (0-885) (>() parts, ohvic acid hO, and ak’.oholic 
ammonia 15 parts, ‘'.riie d(‘.nRity of this solution is O'Hl, and 
it contains 0 pei- (iont. of ammonia. 

'IMie light mineral oils and the rosin oils ar(‘. nioro readily 
miscibhi with water than are the heavy petroleum oils; but 
the viscous oils have a greater powc^r of covering the articles 
to wliich tlu'.y arci applicul, and are Ixitter adapted for the 
pr( 4 )aration of soluble oils intemdod for use in screw-ciitting 
and for otlu'i* purposes where tlui lubricating action plays a 
priiKjipal part. 

Wh(m the formula of the soluble oil has h(Hm ascevrtained 
in the laboratory from the t(^Bts mad(‘. on the j*aw materials 
availal)lc, tlie work c,an he carricxl out with ac,curacy. In 
works practice the op(‘,rator gcmerally mixes tlie ingrtidicaits in 
accordanc-o witli a formnla, wliieh may he good, hut whicli 
may heconu^. imuxuiratc^ when fresh hatches of raw materials 
are used. In sucli caxhoh the experience and the practised 
(jye of the operator enable him to stop the admission of the 
ly('. or alcohol directly certain indic.ations show that any 
furth.(n: (piantity would be harmful. For the beginner, how- 
(W(vr, it is prefcjrablc to determine beforehand the index of 
neutralisation, of the mixture, since this euablcs the quantity 
of lye that may bo added to be calculated. 

Any (vxcosB of soda will make the oil cloudy and cause a 
BCiparation of tlu^ resulting soap. The oleato formed in the 
unsaponifiablci oil dissolves in tJui latter the more readily in 
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proportion an it contains olt^io a<‘i(l untaunlmuul with Hocla; 
but thin proportion of fnu* fatty ai'itl slioiild 1n‘ rodiirob ttj a 
mininuuu at tbo (‘.nd of the, o|H‘ra/ii<Mi, hecauHo eniulHily 
ing ('.apacity of tin* product iiicr(‘aHcH witli i(H soap (*t»atcut, 
the. transpa.r(Uic(i a.nd solubility of which .slauild be (drained 
by the fonnation of fatty acid salts in pri'sencc' of an alcotud 
or of ric.inic acid (which is at tin* sium* time a momduiHic 
acid and a. luonatomic. alcolud), rather thn,n by a. larf^c* «*xc(‘hh 
of oleic acid. 

Th(i be^dmuu’can his hand in by preparinft a. sinidl 
(juantity of soluble oil accordin^^ to the two lorimdu* 
bidow :~ 

1. Aiiua’ican miiauul oil (d’HHo) o() parts, litjuid saponihea- 
tion oleiru‘. (Ir>") 2H, ammonia fO’lHO) h’o, dcmatunal alc.olml 
(90") 11 parts. 

2. Itussian inineral oil (O'OOOjh l parts, hiUaujd Hajumilica ' 
tion ol(‘.in(‘. 20), caustic* soda, lyt^ f 10 Ib) 10, chaiatunHl alcohol 
(90") 10 parts. 

Method of l^repdraiion, d'hc mixcal fa.tty Hulmtaitcu’s tiro 
luaitcd sunicicuitly a.nd stirre-d in orchtr to obtain a homo|.(mu^-' 
OUH, limpid mixture*., vvhic.h is them c^oohnl down to 55 (b 
Tht^ alkali is introducual into tins stirrcHl mass in smadl 
quantiticH at a iime^, tlu*. li([uid beano allowcul to chirify aften* 
each addition. Odiis (darifutation will takc^ pro^n^HHivcly 
lougar in proportion as the*, fointmtion cd’ soap in tint cdl 
proceedB, so that at hai^dh a sta^u* is rt'.aclnal in whicdi pree 
longc'.d a^^itation is nec(‘sHary to disHolvt^ this soap. tlic. c*XiU‘HH 
of olcuc acid, which at tlu*. start facdlitatcxl solution, 1 mui 4 ( mm 
almost (jomphdcdy ncnilralimul by tlui alkali. At tlus point 
tlio further addition of alkali is suspemhul, and, after tc*Htiri|( 
the (uriulBifying properti(*,s of the*, ehmdy cdl in a temt ttd)c, 
alcohol is added to tlu; stirred mass by dc^greum until a temt 
sample is found to he clear, ^V\h) tcunpc'rature cd 50' (1 
should 1)(^ maintained fchrougliout thc^ operation. Odie ad¬ 
ditions of alkali should be stualku* iu individual amount, and 
made at longer intervals, in proportion as the alkali uhchI is 
more concentrated. Very strong alkali, hown^vevr, produe.cm 
granulation, in which ease the lye^ sheuild ht^ diluted witli a 
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little wiit(vl‘, of pr(‘.teral)Iy with a portion of the prcHcribed 
((uantity of alcohol 

''j’lie following ixHjipciH, given in the iinal article of tlio 
Hcri(‘.H in th<‘. liciucr. (len PradifUs ('l/dinu/mHi froni which thene 
alntractB arii talctni, indicate the coiupoHition of commercial 
Boluhlo oiln. Some of them are miHcihlo with pure water, 
otlua*H with Blightly alkaline water; Home will Htand cold, and 
otliers Heparate out wluvn kivpt in open receptaclt‘H. Some of 
the rocipoB will luxul to he modified to fit in witli the materials 
available^, and the objectH dcBired ; but the information already 
given will enable such, .modificationB to be carried out after a 
few tentative experimentH, the preparation of all the soluble 
oils hcmig based on the principles alnnuly enunciated, it being 
always nmiemheriul that tlu^ preparation of a satisfactory 
product riujuin^s attcuition and some little practice. 

Soluble oils Bonu'.timoB decompose in stoni; two layers 
miscihles in water and granules are fornu'.d; the mass be- 
IxKiomes gelatinous. This decomposition is the result of 
defective preparation, the evaporation of the alcohol or the 
volatile alkali, thc^ ammoniacal soaps becoming dissociated at 
the ordimny temperature. A very low temperature also may 
lead to the separation of the coniponontB, but in. such cascB 
ecpiilibrium is restored by warming. The formation of 
granules and gelatinous solidification .may arise from an 
excess of alkali; and a sediment may bcj fornuHl wlien tlie oil 
contains rosin that has been saponified by insufliciently 
strong alkali, or a rosin soap in wliich there is an excess of 
alkali. 

Holuble Mi)i>cr(d Oih with an Olein lUiHin.—h Mineral 
oil (id parts, olein 21, caustic soda lye (85" B.) 7, alcohol (95") 
9 parts. 

2. Mineral oil e55 parts, olein 80, ammonia (22") 7, alcohol 
(95") H parts. 

Mineral oil 70 parts, ol(,nn 20, caustic soda (85" ih) (i, 
ammonia (22") 2, alcohol (95") 2 parts. 

4. Mineral oil 70 parts, olein 10, mfined rosin oil 10, 
caustic soda (85" B.) 4, alcohol (95") 4 parts. 

5. Mineral oil (0*905) (iO parts, olein 20, refined rosin oil 
20, caustic soda (85" B.) 8, alcohol (95") 1 part. 
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0. Miri<U‘al oil <>0 parin, oh’in "JJi, nil o, 

ammonia, (O’OlO) H, alcohol (On i H partM 

7. Mineral oil 0)0 |)a.rl.s, li|;lit roain oi! U, .‘.lrori»» rosin oil 
't, olein 1), alc.ohol (On’} H, (*.auati(^ sotla, i«to Ih) *» partH. 

H. MiiH'ral oil HO parts, ohnn 'iO, cainiiit’soda t in Ihi 5, 
ammonia (O’UIO) ‘J, a.hu)hol tOo I 1 part . 

Hoiuhle Oils with tt Hu!phalratt' Hasis. 1, Mineral t^il 
(O'HHO tt) O’HHf)) ()0 parts, Hnlj)horicini<‘ aahd H), Hiron*^ nmin 
oil 20, rosin 2, caustic soda (do li.) H parts. 

2. Sid[)honat(‘d v(‘«jfctal)lc oil 11 parts, mineral oil tO'HHh) 
45, Ktron^^ rosin oil |H, oltun 0, caaistic pt)tash (dO li ) 11 j»n.riH. 

d. Sul|)honat(al \a*eetal)l(^ oil 71 parts, caustict soda (2tt li.) 
25, ammonia (22' li.j Odi pari. 

4. Sulj)honattul vtipadaihh^ oil H4 j)nrtH, cajudic Hotia, (20 li.) 
H, ammonia (22' li.) 2, rain water ti parts. 

5. Miiuaal oil d() pa.rt.s, snlphomiOal fatty a.»nd 11, sinjue 
rosin oil 14, ohan 20, ndhnul rosin oil It), ammonia (O’UIO) 
() parts. 

0. Ammonituu snlphoritunaie 15 parts, rosin 5, rtmin t)il 
15, oltnn 15, Uussia-n miiuu’al oil (0*005) 50, canstie soda. 
(d5' li.) () parts. 

t^^ahihle hUhsin Oils. 1. Strong rosin oil HO parts, alcoliol 
(05") 12, (ainstic soda (do " H.) H parts. 

2. Hetined rosin oil 70 parts, olein 10, alcolu)! (05 ) , 

cauistic soda (d5 ' H.) (> parts. 

d. Strong rt‘.(l rosin oil 100 parts, earhonate of ptif^ash 
solution (40" li.) 10, ammonia i22‘) i\ parts, 

4. It(4ined rosin oil 40 parts, mimu’al oil 22 , ole.in 20 * 
ammonia (22") 0, alc.uliol (05") 12 parts. 

5. (]l(uu* light rosin oil 42 parts, liussian mim*rH.l oil (0‘005) 
25, okun 20, ammonia (22") (>, alcohol (05 ) 7 parts. 

0. Mineral oil 45 parts, rtdine.d rosin oil Id, snlphoricinic^ 
acid Id, olein Id, rosin 5, caustic soda (do" li.) 11 paats. 

Soluble Oils Cuntaiwituj liosin. - i. Mineral oil HO parts, 
rosin 2, olein 18, c.austic soda (d5" li.) 5 , ammonia (22 ) ti, 
alcohol (95") 1 part. 

2. Eosiri dO parts, rosin oil d5, 10 per (uait, solution of 
Solvay carbonate of soda 20, col^a oil 8 , ammoina ( 22 ") 1 part, 

O.b prepare the soluble oil of the last rcunpe tlie rosin is 
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incIttMl by luuit in ihx^ rosin oil until a clear li(iui(l is obtained. 
^Idiis is Ha|)oni(icul with tlui carbonate', of soda solution added 
in Htnall |)or*tionsat a tinui, with stirrin^^ ^i’ho whole is boiled 
and HtiiT(',d continuously to obtain a deuir paste, fr(;e from 
waba*. ^rtu^ colza oil haviuf^^ becui added, the mass is cooled 
bidbre^ introducin^jf the animouia. 

(l(u*t!un low-priceul Holid)lo oils consist ruercly of a solution 
of rtisinate in mineral oil. d’hey have the drawback of 
(uicrustin^^ tlu^ depositin^j^ a pitchy crust on the 

work shaj)ed by tools lubricated with rcsinato emulsions. 

The following are th(', osscuitial details of Jk)leg’B Patent : 
d,\) prc'.pare ])ure muitral hydrocarbons such as mineral, rosin, 
and tar oils whicli sludl bosolubhi in water and easily cmulsi- 
I’uibh^, th(i following procc^ss lias been devised :— 

ddie mineral oil to be prepared is put into a wasliing 
trough witli a certain percentage of crude (but auliydrous) 
light-coloured rosin oil. The percentage may vary according 
to the specific weight of the mineral oil treated from about 
15 to yri per cent., and is there treated with direct steam at 
about five atmosphoros pressure, wliicli is distributed in equal 
linely divided portions throughout the oil. The mixture is 
boiled at not more tlian 100" to 105" (I at highest; tlien from 
5 to 7 per cent, of caustic soda lye of 40" 1^6. is added accord¬ 
ing to the specific gravity of the mineral oil, and tlie more or 
loss admixture of rosin oil (say 5, 0, or up to 7 per cent.). 
Odie mixture is inaintaiiHid for twenty to thirty minutes in a 
boiling state and treated until the oil is seen to clearly 
separate from the soap lye. After allowing the whole to 
stand from a halt to three-(iuartors of an hour, the clear oil is 
drawn oil’, whicli takes witli it to H per cent, of excess lye 
clearly saiionifiod, over the underlying rosin oil soap solution 
to an oxidising apparatus, where the oil is trcatcid with very 
finely divided compressed air for two lioiirs at a temperature 
of ()() ' to HO" ( 3 . and afterwards for another liour at 80" to 
UO" (b, for the purpoBc of supplying oxygen to the oil 
and causing its further saponification ; the slowly eva|)or- 
ating water of the lye must be continuously added almost 
drop by drop during the course) of the process. This oxidis¬ 
ing process can also bo attained by means of oxygen fluid 
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(o^ono), TinnicHliai(‘ly after this {ixidisin^^ prec’ejnH in firunlied, 
th(^ oil \H aspiratcwl or hlowo dinn'tly into a. jin*s:iure litill aod 
thca’o tnaitcal with a,ii a.dditi»)ii of .'i }M‘r riait. aJeohol (preffr 
ably oustliylattui spirit), ‘J to 'A per emt. ^d.rofp» aotmiuda* 
Holiiiiori, and pr(^fera,hly 1 pei* eonf. td' ‘pdafiiu* diHs<dvi*d in 
wa.t(a- for liaJf aai hour to aai hour under a pressure' a{ I to 1| 
atinoHph(U’(is a.t dill(a*<ait t(au|H‘ratures until the (Haipufillv 
turbid mass of oil a.ud soap (‘xintino a.t the heepnnin‘( of the. 
procoHH a^niin b(u*,oines ({uit(‘ (dear and easily soluble, d’hi* oil 
is now finished, hut must only la^ eh'awn olf afttu* e-tjoline in 
ordei' to pnwtait the oils beeoinifi;( turbid a,[(aim 

It is to b(i noted that iJu'. a^ddilaon ot methylated spirit 
and ammonia-, and also of the ‘(edatint^ solution, i,s not abso 
lutedy ntu*.(!ssary to this pro(*(*ss, as it is in (Mhers, naid is only 
1 ee.onuucaultal in partieuhu* east^.s so that the tuls mav (iisHcdve 
ratluu* mor('. (aisily in tlu^ walcr and (‘mulsify mtU’t^ easily and 
inak(5 tin*, respe-e.}iv(‘ solutions permanent. 

In tlui saaiK^ way tha,t is, by usirje rosin oil (instt*ad of 
fatty aedd soaps) ta.r oils seduhh* m waiter may also ht^ manu 
factmaal. 

In ordiU’ toobtain the.se lu'odutds with the rtspiired dts|L|re(‘ 
of pcirmaiuuiey all tlu^ thrta* proe(*sH<‘H must In* tau’ried out 
in tiudr onhn*, as if only one of tluuu he (tmphyed tdu‘ (d»jV(d, 
(hmired is otdy (nrtially atta-ined. d'la; wdiddt! and emulHi* 
fiable oils and oil mixtun'S thus obtaimal can m»w (easily 
mix(ul with any ((uantity of watt^r, and ai’e spiudfUly appli- 
cjable for ttu^ purpost^s meutiojied hedow if furtlier trcaitm! 
witfi 50 to 75 p(‘r tuuit. of distilled wa,ter (ordinary watiU' earn 
also b(^^ us(}d) for a (piarttu* to half an liour in tin* distilline or 
oxidation ap|)aratus, wluui (d(‘ar, in parts a trifle opaleseimt, 
but invariably inu-imunait oil and wa-hu’ Holuticum of i^rml 
value and imiveu’sal applie.ahility ()hta.ined. 

I h(5 iniucu’al and rosin oils Hohd>Ie in water or mixtur(‘H 
of the two kinds of oil may he (unploycul with [^nart advan» 
ta^m for tlio followin^^ f)urpos(^.s: (1) Kor luhricartin^^, heudng, 
cutting and polishing |)urp{).s(m. (‘2} I(k)r gnursing wool be¬ 

fore Bpirming. ^ (0) For treating cdoth in tc^xtile industriim. 
(4) For colouring and glazing l)ricd<s and building Htom*.H. 
(o) Bor producing aromatic hydroe.arhons soluhlc'.^ in w-abu* 





EMULSION LUBRICANTS. 


173 


and the like, essential oils for disinfecting, soap manufacture, 
and perfumery purposes; as well as (6) for manufacturing 
soluble medicinal and pharmaceutical preparations of various 
kinds. The tar oils, soluble in water, are principally em¬ 
ployed for disinfecting and preserving wood, and also for 
colouring and glazing bricks or tiles, and so forth. 

The following physical and chemical points of interest 
are given in a memorandum on cutting lubricants and cooling 
liquids published by the Department of Scientific and Indus¬ 
trial Eesearch:— 

Gutting Oils .—The mineral oils, which are best suited to 
be used as cutting lubricants, either alone or mixed with 
animal or vegetable oil, are mineral oils, preferably of pale 
colour, of low viscosity, ranging from 100 to 200 seconds 
Redwood at 100° F. The lower viscosity oils may be used 
for high-speed conditions, and oils with higher viscosity may 
be used for slow-speed conditions. Of the animal oils used 
either alone or in admixture, tinged lard oil containing as 
much as 10 to 15 per cent, of free fatty acid is most fre¬ 
quently employed. Prime lard oil is almost free from acid; 
it is much more expensive than tinged lard oil, but is less 
inclined to gum under severe conditions (heavy cut and high 
speed). Lard oil congeals in cold weather, so that, where- 
ever possible, a mixture of lard oil and low cold test mineral 
oil is to be preferred on account of greater fluidity in the 
cold. Experience has proved that most cutting lubricants 
containing vegetable oils, particularly if they are heavily 
blown (i.e, thickened by oxidation), are liable to produce 
gummy deposits in circulation systems. These deposits in¬ 
terfere with the proper operation of the machine, and 
necessitate frequent cleaning of the machines, which not only 
increases the costs, but also decreases the output. Cotton¬ 
seed oil oxidises more readily than rape oil, and should not 
be used in the manufacture of cutting lubricants that are to 
be used in a circulation system. Animal oils are not so 
easily oxidised in a circulation system as are vegetable oils. 
Experience shows that lard oil only produces deposits in 
circulation systems under severe operative conditions, when 
the percentage of free fatty acid exceeds, say, 10 per cent. 
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TIIH MANri''A<''n'Hl‘; la 

Wluvu oilH of low volatility aro wmhI a otalam |»riif*ortinn of 
tho oil in (‘.va|)<iral.<'d l>y Mu* li<*at proilufoci iu tht* wurk : IIum 
is ohjcH^tioiaibk• on acoouiit <4 tin* aniokt* aiul ftuitna oroiiird. 
Whoro ciiiiiii^Mamilsiona aiv iiatal Hiram niily is prutimaai. 
(hitting oiln art^ nearly Utlways ** Hti'a.ipjit, ne. witlioni 

admixtiuri^ of watt*r, (k'rtain ctitliinii oiln eontuinlu‘» at 
ft luaMumt. of fnH' fatly arid ami preferably onu'e ilnui 2n 
pm* ocsnL of Haponitiakk* all (u-nitual or ve»n‘iitl4e oih niay 
cvitlior he imed ‘'straieht” t»r in iln^ of euttinr taunt 

nioiiH. They will (nnulHify with water tt» whieli the requinite 
amount of Jtlkali (KcHla, asli, borax, (4e.) lian heiui adtled. 

Hofuhle Oils (uid Stdahlr (Utnip^unds, Solnlik- oilnare 
prt^parcul l>y diKHoIvine a, soa.p usually loiH tlia.n ikt per etnii.) 
in a mixture, of miiuu'al oil (UHualiy le^4H ihan pel’ etmf .) 
and Haponihahle oil (usually more than 1ft pereeuL). 
sapouifiahle oIIh usi^d in makiipi the sfiap are tuiher tif animal 
or ve.^mtahl(W)rifiin sucdi as lani oil or oilmr olein fnun animal 
fait, whal<^. oil, wool |in‘as(‘, eashu’ oil, sulphonaied easitu’ oil, 
rape oil, c‘.ottonH(M‘d oil, rosin, rosin (ul, ete.. luid tluMula are 
saponifit'd hy nuams of eaustie soda or eam»tie pofaslu Home 
Holuhlo oils or (‘.ompounds e.ontain a small pereeniape of 
aleohol or ammonia, which caaises the emulsion h» form nmre 
readily. When solul)le oils et)ntainin‘{ ammonia are Htorml 
for Hev(U*al months in woodtui harnds, tlu^ ammonia is stune 
timtiH ahsorlaul by tlu'. barrel, and the oil is no lonqer ca>m- 
pletely Holulili^ in watts*. With enttine emulsituis miult* frtun 
Holidile. oils e.oritainino ammonia, the ammonia vt4aiiliHt‘H 
imdcu’ Htwtu’e coaditionn of Htu'vie-tx a.nd a seam is pnalmaal 
on tlu'. Hurfaet^ of the emulsion, whitdi is tlijeetitmahle, as it 
tends to eloe the piptss in tht^ eirenlation sysitun, and hv 
adherin^^ to tlu'. swarf or eliips eaiises consideralde Itms {>f 
oil. Holuhlt^ oils containinj^ a lar^^i^ ptunamiaot* of ronin tu* 
rosin oil have, a leiide.ne.y to cause I 4 ummiiq(. Htduhlt^ e.om* 
pounds are made on similar lintm to sohddt* oils excejit that 
th(\y contain 10 to ftO ptu’ ctmt. of watm* and art^ in a Ht»nu« 
solid and Beini-emulsifuHl eondititm. 0'lu\v are md, ho easily 
mixed with water as are solubles oils, ami for this reastm tlu^ 
latter tm\ usually prde.rnKl. 

Analysis of Hul^honaU^d Oils,^ ■’The Oils (‘ommiiiet* td the 


MMiihsroN rai:iiiM(tA'NTS. 


175 


BriiiBh St^ciion of llu', Hocioty of Loathor Tradon’ (JlieniintB 
havc^ iKHiKul tih('.ir proviKional Roporfc in the Jonrnal of the 
S(Hd(d.y. In ilu^ lirnt iiiHianccs work wan done on the mothodm 
alroBidy propoBcul l)y tlu^ HiHtc'.r Hocic^ty in A^iuerica, with the 
n^Hult that ilui followirijj; roconiniondationH wore made 

(liKtillation itiothod iB r(‘.eoniincnded, xiHing 
w.iit‘.r-Hatura,i(ul xylol, or, as an alternativ(^, a heavy mineral 
oil, ddu'. wat(H’ (listilhul is ooll(‘e,tod in a Sutherland tube 
gradualcul to j o cas. 

yt.s’A.™ldu', total ash. is dtittu’niinod l)y igniting 2*8 graiUB 
in a enicil)l(‘-. 

grams of th(‘. sample is taken, 
and Ha<t)oni(’ual by m(^a.ns of 2K. alcoholic KOII. This is pre- 
feriHul to tlu^ solution as ro(;ommondtul in ilui Anuadean method. 

ToM SO;./ -ddui most satisfactory nuitliod is by alkaline 
fusion, splitting with hydrochloric acid not bidng favoured. 
(Dr. Ikirnbull and Brof. McCandlish pointed to the ,necessity 
of oxidising any sulphides formed during fusion by means 
of sodium pcjroxido or bromine watcir.) Ifurther lines of 
investigation hav(^ Ixum suggi^stod. 

Dr. Jhinuikc^, in tlu^ Anuirican Loatbor (Ibcmists’ Jonmal, 
has also eontributcul some interesting notes on the interpret¬ 
ation of analytical n^sults in judging the practical value of 
Bulphonatcul oils for heather purposoa. 

AnalyK('.s of two sulphonatod oils arc given, one of which 
gtrippcul colours, wliilcj tlio other did not. In view of their 
complet(UH‘,sH, the n^sults are giv(!n in full:— 


Wa.l.or .... 


A. 

(JiKxl Oil. 

Cor ( Jont. 

25-18 

H. 

Bad Oil. 
IN^r Ociut 
29-45 

followinx f.alc.ulaUul foi* dry oil: 

d’otal latiliV itudiUu’ .... 

<)8'()S() 

92-570 

„ SO., . 

« • 

.8-157 

8-919 

,, Na./) 

AinnioniM. .... 


1*717 

2-722 



O-OHO 


• 

1-29B 

0-700 

SO., in HUiltiK 


](X)-000 

0-557 

100-000 

1-200 

SO., 


2*51)9 

2-712 

Stdplio. faU.y ac.id 


12-840 

1,2-BBO 

Nnutiral ofl 


81 -1)90 

89-780 

AhH. 


4-070 

0-820 

Fn.tliy an-id in Hoap 


5-20 

B-70 

Freu^* fa.tiy aoidH . 

• 

, 50-48 

44-14 
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ITG 

4 .H 10 rainarkHiipoii tin* abnviMiruil'yHfH by Ur. lltmiaka 

arc: in a dinbraiirt^ in ilndr lifhiivinur in witba'; cA) 

(liHH()lv(^H (MiKily, wliib^ {lU but nlnwly. d’liin in 

l)(u:iauH(^ tha !ati(‘r (!(»ntair»H iiu>rt‘ Ka/b and caHiHai|Utnitly 
morti Boap than (A), d'lu'n* in lud. nuiah diftbrauca m ri*garil« 
d(^|<frc(U)f Kulphnnatinu, but, if anythinit, iAi m itm baittu* in 
thin n'spoct. dliis is indicated in tha uri‘;inal iinalysiH, i,t\ 
iiuiluding mnintun*. rc^aHnn fnr strippiniJ nf ndnum 

appaarn to bt^ tlu‘- ^traaUu' aiuniuit nf M<iap iti (H). (Hlnu* 
oxaniphiH ari^ ^dvtui in this papnr, tu whitdi tins nunltir is 
rofornul for falbu* (bduUls. {Jiho\ Antrr, l^vathvr iUittn, 
Ass(w., lUlU, No. U.) 

Mineral oil cmulHionH ar<^ also fornuni aet!or<iin|.( to the 
paletii of !<;. Korndorfttr, lioluunia Pai, M;ibl, IbOfp, 

by mixing iogetluir lU to di) parts cd ati alkaline farth sulpho- 
ricinoleate (pn^panul by acting on an alkaline cotnpotnul of a 
Biilphonated oil with a ni(‘talli<’. <n\ide which foriUH a soluble 
coin|)ound), 10 to dO parts of olein, oleic a(!id or shsonn, 
dO to 70 parts of a mineral oil, spindle oil, or vaHeliiu^ oil 
and 2| to 10 parts of ammonia (HjHU’ilic’. gravity about O’UlO). 

M. Junginger (I^'r. i*at, dfki,‘i0d, Mar. 29, lOflfj) alw* feuaus 
a soluble mineral tnl by adding to a magneHiuin camiiiound 
of a Biilplmnattnl oil an et(ual weight of cd«ne» acid, with 
Huffiaiimt ammonia to luuitralise the*, lattm* and render the 
li((uid clear an<l incorporating llus with a mineral (dh 




OHAPTEE XIX. 

SUBSTITUTES EOR LUBRICATING OILS. 

VING to the shortage of lubricating oils during the last 
V years many attempts have been made to replace them 
th other liquid products. 

In the patent of B. A. Emery (Eng. Pat. 14,263, June 21, 
06) claim is made for a hygroscopic solid lubricant for 
.eumatic machinery, the ingredients of such material being 
ap or a saponaceous substance, plumbago, and a liquid 
tract of slippery elm bark, to which is added a salt to serve 
a non-refrigerant and water to render it suflBiciently plastic. 

The Chem. Eabr. von Heyden, A.G. (Ger. Pat. 288,448, 
ar. 18, 1915), state that the phosphoric esters of phenols 
ay be used in place of lubricating oils. In the case of solid 
bers their melting points may be lowered by the addition of 
her substances, such as cresyl phosphates. In another 
itent (Ger. Pat. 302,361, Feb. 27, 1917) they also claim the 
e of tricresyl phosphate as a substitute for lubricating oils. 

According to the 'patent of the Ges. m. b. H., Berlin 
ror. Pat. 306,836, Mar. 7, 1916), hydrogenated products of 
jphthalene, e.g. tetrahydronaphthalene and dekahydro- 
jphthalene, can be used in place of lubricating oils either 
Dne or in admixture with fats or mineral oils. 

Chlorinated products of naphthalene have also been recom- 
ended for the same purpose. These are formed by the 
tion of chlorine upon naphthalene with the aid of a catalyst 
Lch as aluminium chloride, with or without pressure. The 
roducts are neutral and inert, and are practically uninflam- 
.able (E. Stern, Ger. Pat. 302,986, Mar. 31, 1916). 

Another lubricant claimed by C, F. Astell (Assignor to 
. P. Amend, U.S. Pat. 1,226,165, May 15, 1917) consists 
; a 30 per cent, solution of calcium chloride with the 
idition of graphite and alcohol. 

(177) 
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ciikVTm XX. 

TIIK Al^PIilOATlON OK LISIUUOANTS To MAOHtNKllV. 

Iisf |)ra(;ti(u^ it is noi Huflu-ifiit nusHtly to cniploy tho b«‘Ht 
liibricuintH, but it is nnjiuHitt^ also to uso them in ilui most 
CK-onouiical luarnuu*. cousiuupiioii of a. sioall pomuitagt^ 

mom of tli(5 oil than is nocoHsary is by no uhvuim a matU*r 
of indinv.rcmco to a mamifat^tunu' with a nuniln'r of 

machia(‘,s iii constant work, siuco tin* ituTeamtut amount con- 
Bulerod diuj to d(*.f(H?tivc appluaition amountH to a. uonHidorablc. 
extra outlay per annum in a lar^U', tmtablisluut'ni. 

'i\) obvia,t(^. this, tlu‘- first point is to sebud, tln‘ most Huiiabh^ 
liibri<uuit for tlu^ maehimu’y in (piestion, ami tlnm apply it 
by th(^ aid of apiiropriatc^ lubricahu's. 

T 1 u 5 H(‘. appliances an^ now made in various typ(^s, ae.eord- 
in^^ to the kind of lubricant ustul and tlu» construction of the 
machiruu’y. ddms, for instantu^ no spcanal a(>plian<’t^ is muuhul 
for ordinary carts, tin*, whtuds btu’n^ mertdy taken cdT and m- 
phuual aft(T tin*, grtsisc^ has btum smearcul on tin* axles ; wlnn’O’ 
as vehick3H of supcu’ior typ(3, such as carriaotm, arc3 fittcjd with 
oil coutaim^rs, which beiuf^^ kept filhsl luhricattt the axles eem- 
timiously. This continuity of hil)rication is indispimsahle in 
the caH(3 of axles running at liigh spt^ed, Hindi as those of rail¬ 
way waggons and locomotives; for axles of tliis type special 
grease boxes are fitted, which being fdled witli gre^ase, 
deliver it uninterruptedly to the axles througli small orifujes 
provided for tins purpose. The construction of tlmse grc*.ase 
boxes varies according to the class of solid or liciuid lubricant 
used, and all more or loss fulfil their purpose of supplying the 
axles with just suflicient lubricant without allowing any to 
run to waste. 

Tlie large number of different types of grease boxes 
designed and used affords sufficient proof of the considerable 

(17B) 
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difficulties attending their construction. On this point the 
interested reader is referred for detailed information to the 
technical literature on the subject, the construction of these 
appliances falling within the domain of mechanical, rather 
than chemical, technology. 

A brief description of the principal lubricators designed 
for use on different classes of machinery may not, however, 
be out of place. 

The Flexible Oil Gan .—This small vessel, which does 
excellent service for small machinery, is illustrated by Fig. 14, 
and consists of a metal case G, with a fine tapering nozzle E, 
terminating in a small orifice screwed into the case G. The 
bottom B of the can is convex, and being made of flexible sheet 
metal. 

When this can is filled about two-thirds with oil and is 
inverted, the application of pressure to 
the bottom B with the thumb, com¬ 
presses the air within causing it to press 
on the oil, which now occupies the 
tube E, thus forcing a drop out of the 
nozzle. The number of drops expelled 
in this way depends on the amount of 
pressure exerted on the bottom of the can. 

On reversing the can again, more 
air enters through the nozzle, so that 
each time the bottom is pressed, any con¬ 
venient number of drops of oil can be 
forced out. 

This class of can is very largely used for oiling sewing 
machines, embroidering machines, small planning and drill¬ 
ing machines, turret clocks, and in fact for all kinds of small 
delicate machinery not run at such high speed as to require 
the use of continuous lubricators. 

Although the practice would increase the cost of these 
cans, it is recommended that they should be lightly plated 
with silver on the inside, instead of being simply of ordinary 
sheet brass or zinc. This slight addition to the cost would 
be more than repaid by the certainty that good lubricating 
oils, such as bone oil, would keep perfectly colourless and 



B 

Fig. 14. 
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fluid for many months (as the author has proved by his 
own experience), whereas in brass cans, they soon acquire a 
greenish tinge and become more or less thickened. This is 
due to the metal being corroded in presence of air, the copper 
combining with the fatty acids of the oil furnishing a com¬ 
pound which renders the latter green and thick. 

The Aerostatic Oil Gan ,—For large machinery, such as 
vertical and marine engines, boring machines, spinning and 
weaving machinery, etc., the author’s experience goes to show 
that there is no better lubricator than the aerostatic oiler, 
which unites in itself a number of excellent qualities. Like 
the flexible can, this oiler is only suitable for fluid lubricants. 

As shown in Fig. 15, this can consists of an elongated body 
G, on which are soldered a long bent spout E, tapering to a 
fine nozzle, and a handle H. The form and length of the 
spout vary according to requirements, but in all cases it must 



Fig. 15. 


be long enough to enable the attendant to put the can into 
position for oiling without danger to the hand from the 
running machinery. 

At the highest part of the dome on the can body G is an 
orifice closed by a metal screw cap, which is dished at the 
top and is perforated by a fine bore. 

The can is filled through O, after the screw cap has been 
removed, the latter being then screwed on again. In use, 
the can is held by the handle, the thumb being applied to 
the small opening in the screw cap, in which case only one 
or two drops of oil is discharged when the can is tilted, the 
backward pressure of the external air on the liquid prevent¬ 
ing it from running out more freely. 

On removing the thumb from the cap, air enters the 
can through the bore, and the pressure being equalised 
a stream of oil flows from the nozzle of the can. In this 
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way the outflow can be regulated from a single drop to a 
continuous stream, or stopped altogether. The manipula¬ 
tion of this can is learned in a moment, so to speak, as soon 
as it is taken in the hand; and if the user employs sutflcient 
care, not a single drop of oil need be wasted. 

The Oil Cup ,—For large shafts or axles the oil cup (Fig. 16) 
is used. In its simplest form this cup consists of a small 
vessel G, which is mounted on the bearing of the shaft A, and 
is closed by a tight-fitting hinged cover, to keep out dust. 
A small conical tube E in the bottom of the cup allows the 
oil to flow down to the shaft, through the bearing. 

The oiler fills the cup full of oil (preferably from an aero¬ 
static can), and knows from experience how long this quan¬ 
tity will last. It is important to make the cup G rather 
shallow, and the tube E very fine otherwise the column of 
oil being too high would exert an excessive pressure, thus 
causing a larger flow of oil 
from the cup than is neces¬ 
sary for lubrication. 

Some machine parts be¬ 
ing constantly in motion 
need continuous lubrica¬ 
tion, whilst their inac¬ 
cessibility precludes oiling 
by hand without stopping the machine. Devices are, how¬ 
ever, provided for enabling this operation to be performed 
in a continuous manner while the machine is running. 
One of these is shown in Fig. 17, and is particularly recom¬ 
mended on account of its simple construction and high effi¬ 
ciency. 

The drawing represents a ring E, running on a disc 
mounted on the shaft A and in contact with the ring at all 
points of the circumference. Hence the surfaces in contact 
between the parts E and S must be lubricated. Now, an 
ordinary oiling cup w'ould throw the oil about, owing to the 
continuous movement of E: therefore to prevent this, a 
moveable oiler is employed. This consists of a glass bulb G, 
which is screwed on to the ring E by means of a metallic 
jpount. The mount carries an upwardly evased Qone valve V, 
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fitted with the stem S, whilst a narrow bore B leads to the 
contact surface between the ring and the disc. 

To fill the oil bulb G it is unscrewed and inverted. The 
valve V is then closed by pulling at the stem S, the bulb 
is turned the right way up (no oil escaping), and is then 
screwed back on to the ring. The stem S is made long enough 
to raise the valve a little when the bulb is screwed home. 
The oil flows through the small orifice thus provided, and 
keeps the ring E supplied with oil until the contents of the 
bulb are exhausted. From time to time a bubble of air 
forces its way into the bulb, to replace the removed oil. 

There are also a number of appropriately constructed 



Fig. 17. 


lubricating appliances, working automatically, for oiling 
moving parts of machinery. It being highly desirable to deter¬ 
mine what quantity of oil is consumed under different circum¬ 
stances, we will now describe an apparatus well adapted for 
this purpose (Fig. 18). From its mode of action it may be 
styled a drop-cup oiler. The vessel for holding the oil is 
made of glass, and the oil outlet at the bottom is enclosed 
between two panes of glass, so that the dropping of the oil 
can be observed. The delivery orifice may be controlled by 
a cone valve, which is attached to and turned along with a 
filling cup. The periphery of the metal mount surrounding 
the glass cylinder is graduated into, say, ten parts of equal 
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size; and a pointer attached to the regulating cone moves 
over this scale. When the pointer is opposite the zero mark, 
the oil outlet is closed; when it is opposite 9 on the scale, 
the maximum amount of oil is being delivered per unit time. 
The quantity of oil needed to fill the oiler being accurately 
known, once for all, the consumption of oil under certain 
given conditions can be easily calculated from the time re¬ 
quired to empty the cylinder of oil when the pointer is 
opposite different divisions on the scale. 


Fig. 18 . 

A great improvement on the ordinary sight feed lubricator 
is the “ Kirkham” Patent Snap Drop Oiler (Pig. 20). This is 
screwed directly into the bearing and instead of having an 
opening below through which dust could penetrate, the flow 
of oil is observed through the glass vessel by the speed of 
the air bubbles which rise in the container as the oil flows 
out. The flow of oil can be very accurately regulated by 
turning the screw at the top of the oil container. 

Fig. 21 shows the ‘‘Kirkham"' patent lubricator, made 
by the Valvoline Oil Co. for the lubrication of engine 
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TUI'; MAsn''\(''rri£K ok iiidiiiciNr.s. 

(■.ylindora 'I'lm form illus(,nitc<l is of I .;alliiii fa|iiu-il.v witli 
fmir pimiim anti fooiis, ono of which is hIhiwii. 

A l•(!(•.il)|•()Clain<^ mofioti ticrivcil from miy snitahlo movitip 
pari, of (,ho tmoim! is coiivcytHl through the rockin;; rod ll’ 
oHcillafiiio Kliafl. and iicndidiim tiiivci. io Mm ratiiH. ()n the' 
Huotion Ktrolot Um rams draw tlm oil from tlto cimf.iiitior 






Fi(f. 20. 'I’liM “ Kirkliain " ui 'Pi,,*«« >» * ^ * 

iniifctnit Htiap dr(j|) oilor * * Kukhani pat-Miife (Mttglnti 

-with airglobuloHtgl.1. hihriaUdfr. 

food, for lubricating 
boaringH. 

throuf(h port Q and Huction valvo 1C, follt.winj^ Mus c(mrH(t 
Hhown by i,o white dotted line to tlm ramn. ()„ the delivtmy 
B roke of the ram the oil in foreed throu^di .hdivery valvt- h’ 
abng tho pasBage to valve P, on to nc.Ie B, making a portion’ 
only of a full globule, which, after a number of deliveries. 
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forniH a c.oiuploUi f'lo})ul(i on tho sififlil, guido wins; then 
doatiiif' lip it, tlii'ou^di the water, it nnitoK witli the oil above 
the water. 

'I'lie. partH from noRzle 1$ to the end of the oil pipe, which 
projeetH into the Hteam ehcHt, are alwayn full of liquid, water 
in the nif^ht feed and oil in the pipes to the engine, as a con- 
Hoipieiiee, with each delivery of oil on to tlio noyecle B, there 
is a simnltaneouH ejeetion of oil into the steam. Each of 



li’ui. ‘22. h’Ki. 2:i - auiiomatic 

Uihric.alor. Trior BroH., I'jtd. 


ilumci oj(H;ii()UB (nitcu:s into and HyncbrouisoH with the inter- 
mi ttcnit niBhciH of the Htc^am which onBures tlic thorough 
(lilTuHion of tlie oil. Mach food is scsparately regulated by 
an external adjuster (markcKl Xtegulator’') by which the 
Htrok(M)t each individual ram can be separately adjusted to 
th('- ftHul desired from each. 

^rhe working of this lul)ricator is automatic and ex¬ 
ceedingly regular, and it requires practically no attention 
except that of filling the reservoir with oil, 
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IRC) 

h’or tliicU or buttery lubrinuiiH, ''roiiHerH antUHOil in which 
th() hihrirant iw kept prcnsctl aoiunst Uic part to h(( luhri- 
catod. Ill tlic licis(!rtwpriu}{ f'roaHtir (b'ih. -hi) thin prcssuirc ia 
exerted by spiral sprincs h’, which press on the elbow p ec.e 
(1, and throuf'h this on the piston in position ov.'i- the {jp-ease 
in the c.up A. 'I’o maintain the [liston in its hit'hest position 
when the. cup is ipiite full, tluu'e is a small pec on tlu' piston 
rod whieh holds the piston in place when turned roiinii. 'I'o 




Pkl 24. I>iain()rul Ort'antt 14ul»H(tat.<»r, Diamond (*♦>., hid, 

(ill the cup, the cap is unscrewed, and the piston and its 
fittings removed. Wlusn the machinery stops running, tlm 
further outflow of grease is prevented by turning the tap M 
below. Tho cup is refilled by loosening the screw H, and 
tilting tho upper part of the greaser liaek, on the hinge M. 

The Automatic Gomhination “'I’ell-Tale’’ Lubricators, 
Fig. 28, made by Trier Dros., Ltd., Westminster, London, are 
excellent for applying the solid Btaulfer’s lubricant, these are 
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Fia. 25. 


T'iq. 26. 


Fia. 28. 
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of many (lilTc‘r(‘ni forms auul can In* fitted to any part of a 
mrudiirKi. ddui piston rod is threaded aial traverneH a nut in 
tlui <tap, so that it can In* H{trcw(*d up nr tlowm H(*t hy 

sennvin^^ down tin* rujl) I), which puts the matcriiil under the 
constant [)r(^SHurt^ of the* Hprin*^ I». 

24 to 2H show a form of lubricator much* hy ‘'riio 
Diamond Ijubricatin^^ ('.o., Ijtd., Wcash*, iMiuicdicHter. for the 
a[)pli(5ation of tlua'r speuds.! I diamond (Ireases to hearini^s. 

2/5 shows th(*. fioldctr from alsivc^; h’pt. 2(i, lhanmnd 
Yam in position; Ki^n 27, Diamond (irease and Yarn in 
position; and hie. 28, ^ studaon of tlu^ ht*arine and i^rt^ase* 
box. 


(SIIM'TICli XXL 


TKS'I'INO lailtUICATimi OIIjS. 

1 N l.lu! toHi.inf' of lubricating oHh varioiiH phynical and ohomi- 
cal data arc dt'kifiuincd, sucli as spcicific gravity, flash point, 
visc.osity, iodine valiut, acidity, ('tc., Imt those belong to tho 
proviiuH! of analyticsal cduuuistry and will bo found fully da- 
Hcril)C!d in works on oil analysis, such as Lowkowitsch’s 
Amtli/Kin (if (HIx, F(tfx (wd Waxex, Allen’s Organic 
Andli/xix, and others, but howovcir us(iful such tests may be 
it is Homotiiiios desired to know how a lubricating oil will 
liehave when submitted to the conditions actually existing 
during use. 

b’or this purpose the Thurston Patent Oil Tester, Pig. 
lit), mad(5 by W. If. Bailey & Co., .Ltd., Salford, may ho 
employed. 

b’ig. 21) is a sectional illustration of the testing machine 
showing its construction. In carrying out a test the pendu¬ 
lum II, II is removed from the testing journal (I, G, the 
machine is adjusted to run at th() desired pressure by turning 
tbe nexem head K projecting fr'om the lower end of tins 
pt'.ndulum until the index in front of the pendulum shows 
the proper pressure, the machiiU! is then adjusted to run at 
the right speed, which is usually 2250 revolutions per minute, 
(upial to a 8pc(!d of rubbing surface of 736 feet per minute. 
'I’lie bearings a,r(( then thrown out by moans of the two 
thumb screws on the head of the pendulum, and the pendulum 
is (jarotully removed from tlic testing journal G, G-, taking care 
that no scratching of journal or brasses occurs. 

A few drops of the lubricant are placed on the journal, 
the pcsndulum replaced and also the portion H, H and the 
machine is then run for a few moments to ensure that the 
oil is well distributed over the journal. The machine is 
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ihcui HtopjHul, iuhI tlu* iiui or t*amM wliifli «’uiiruH* iho M|iriii*j 
ar(i loDHtUH'd, and wlnni i( in in nmtfini and Inniriii*^, «ni ttn^ 
lowin’ l)rasK wdh fidl j)rt*H^au'l* ihr nut or nioijs ari* tnrnod 
oui of (•.oniaidi ho that tin* npriiinH may not bo jiimnn'd by 
tlnnr Hliakii 4 ( bank whih* workin,‘^ Idtr miiobiin* in iioniii 
HiarUal a-nd run until tho tost im <’nmj»lftt*d, At ro<^diirin* 
tiu'valH of Hay otm minniit or morn an obHorvatuin of tlm 
thcnanonnHin* Q in niatb* and tin* ttnnporaiurt' rononbal, tlm 
ponition of tln^ pointin’ O on tin* am 1* in also notcul arnl wbon 



Fm, ‘ii». Iiail«y’f4'rjjtHHttai'H (taUiU. ttil 


tlumc^ two fai’^torH bta-.onu^ ooimtant ihn ox|-Hn‘innmi m c‘oni« 
pli^tiul. 

Imnnuliaiidy tho tont is fininhcci thn |>r<'HHnrt» on thoH|nnn|t 
in roliovod, tlu^ pcnnhdiun nnnovod and tin* journal and 
braHHOH arc^ cslcuuiod with oxtrtnno. mw, ho tliat no Horahdi or 
iiijury occurH to tlunu or particle of lint in left behiiul, 

d,''akiM^y the preBHure on thi? journal and tlio readin|.{ on 
the arc the coenkuant of friction in ohtainc’d by reicn'eneo to 
a tal)le which the luakin’H liave prc*})aro(k 

'’idle tendency of an oil to gum may alno Ih^ determined 
on this machine by allowing the oil to remain on the journal 
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twc‘lvn or twoniV'-four hourn and tlnni run fora fow mouumtH, 
wluui ilu^ n^adini^^ on tlu^ arcj V has fallnn to a minimum and 
to risti afjaiu tliu macdiim^ in at orico ntoppcid. ^Plio 
minimum cooflicicmt compared witli that of other oils will 
nhow the eotuparativc^ liability to i^um, the oil giving the 
low(‘Ht figun*. heung ttu^ leant lik(‘Jy to gum in the period of 
time <50ver<id by th(^ Umt. 4’he durability o£ an oil is also 
detcumumul by a defiitito mimher of <lropH of oil flowing on 
tlie journal and running the macliims until the friction shown 
on tlie are is douhlci the minimum or until a definite rise of 
itmiperaiure, say 2 hi* K., is noted. A number of tests are 
madcj and the avevrage tinui taken. Then either the time 
rci((uired, tlui number of revolutions, or the distance rubbed 
over the Ixiaring r(*fiuir6d to raise the coeHicient of friction 
or tile tempera.tur(i to tlui (extent meiitioncd may bo taken 
as a iueasure of the durability of the oil. 

Witli lul)rioating oils, wliich under working conditions 
are subjcictcd to high temperaturoB, the conditions of testing 
liavci to h(j modified, and for testing such oils Boult's Patent 
Cylinder Lubricant’'roster has been devised and is made 
by the same firm. 

In this form, Fig. 30, A is the thonaometor, graduated in 
degrees Fahrenheit and in corresponding steam pressures, B, 
B are set screws used for compressing the spring E, 1), I) is an 
expanding friction journal, E the spiral Bpring expanding on I), 
to produce friction, and F the burner for applying heat. In 
commencing a test the set-scrcws 1^, B are tightened in order 
to d(^preHB the spring 'K and the friction surfacos can tlien be 
(^xaniined to sc'-e that they arti perfectly clean, the cylindrical 
l)ath is then lifted away and a measured quantity of oil is 
pourcul on and tlie cylinder bath replaced in position. The 
Bot-Hcrows B, Ji are slackened to allow the spring to exert its 
full pressure and the Bunsen burner is then lighted. As 
soon as the thermometcir indi(jatcB the temperature at which 
the tost is to be made, the machine is run until a 50 per 
ctmt. rise of friction occurs in excess of that indicated by the 
dynamometer pointer at the commencement of the experi¬ 
ment. The time is then a measure of the lubricating value 
of the oil at the particular temperature to which it is sub- 
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jected, and naturally the shorter this time is the poorer will 
be the oil. It is not necessary to confine the tests to a 50 per 
cent, rise, in some cases a 100 per cent, rise may be pre¬ 
ferable, but it is not advisable to exceed this since injury to 



Fig. 30.—^Bailey’s Boult’s patent “ cylinder-lubricant ” tester. 


the machine might otherwise occur. The machine is usually 
run at a speed of 500 or 600 revolutions per minute, but for 
quick-speed engine oil 1000 revolutions could be employed. 
The speed must, of course, be constant throughout the 
duration of the test. 
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UKMOVINd TIIKiKKNKK (UlKAHI'l AND Oil, 

'I'lioSK who hiivo Mil! t:(mt.i'ol of machinery aro awaro that a 
mac.hini! that liaa hooii out of uho for Homo timo cannot he 
Htat't(!<l ajfaiu until it IniH l•()(!(liv(ld a thoroupfh cleaning. ThiH 
iH oHjiccially the caHo with regard to the luhrioatod parts, 
Hinco the old greaHo or oil not only dricH to a tough thick 
inaHH, hut mixcH with duHt gathered from tho air, and forms 
such a thick, hard crust, that in many cases it can only ho 
scrai»(‘d olT with groat dilTiculty. 

'I’o clean a mac.hine that has got into this condition, it 
must first of ail ho taken to pieces, as far as possihlo, and tho 
various parts dealt with separately. In carrying out this 
work, tlia kind of oil used must ho homo in mind : whether 
solid or liquid fat, soapy or mineral oil lubricant. 

[f this information is not availalilo, tho nature of the old 
lubricant must be determined by an experiment. If a fatty 
lubricant has been used, it may bo removed by treatment 
with caustic soda; tVio same also yields to soapy lubri¬ 
cants. Mineral oils, however, cannot he entirely I'cmovod 
hy this treatment, but roiiuire a longer or shorter soaking in 
piitroleum Ixifore they can he loosened. Machine parts that 
are covi'.red with old fatty or soapy lubricants must he scrubbed 
with caustic soda lyc until quite clean ; after which they must 
he, repeatedly washesd with water, in order to remove the last 
trae-oH of alkali, or tlusy will soon rust. Finally, tlusy should 
ho rubbed dry with a soft cloth and smeared with petroleum 
jelly, being tlxiii stored in a place out of cciiitact with dust, 
until the machine is put together again. 

Metal parts (iovered with thickened grease that is soluble 
ill petroleum an*, placed in a vessel of sufficient size, and 
ootroleum is vioDred over them. After a time the lubricant 
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will Ik*. <4i!uu' (linHoIvcd t»r Ht> far iluit it ran In* ri*» 

lunvtMl withnai diOiculiy. 4*tiry iiiay bt* Itd'i nttiil tin* inl- 
hcnnn^^ ludirnlcaini han rvajHirabnl, and art^ ilirn rra«Iy fnr 
iuun(aliat(‘, ustr 

lioth ininmil oil and fatty Inhrit'iudH ran 1h^ rrnn»vr<l 
jiiurdi morn t|nickly by ttio aiti of laai/^ol, ainl hrnrn iluH 
Holvont in particularly nH*onunrnd<‘d for (^Iranini^ lino and 
dnlicatn macluiui partn. 'PhuH an old wai<di that ban lain 
unuHcul for a loipt tinua ho that tbn lubric.atin^^^ <nl ban biaantm 
perfectly ibietk, can beMdeain’d ready for innnedia4e uh«!, by 
Boakin^' it in laai/.ol for a IVvv days and tlnni leavin^( it to dry 
ill tluuifir fora time, Htnvirpf marhineH am bi^nt rleaned with 
pidroleuni or biui/.oL 'I'liin ope.ration in prcdVrably p(*rfornHal 
in dayli^dit, nince both p<‘trobnun ami ben/,<4 |pv(^ <44 vapotirn 
whicti form an inllammabb* mixture witii air, and tuie that 
may explode witli violence if ignited l*y a ilame. 


CHAPTEE XXIIL 

CLEANING OIL RAGS AND COTTON WASTE. 

In establishments where a large quantity of machinery has 
to be oiled and cleaned, it is quite a profitable undertaking 
to recover the oil, etc., absorbed by the cleaning rags and 
cotton waste, and bring these materials into condition for 
use again. 

The best method of accomplishing this is based on the 
circumstance that all the bodies used as lubricants are soluble 
in petroleum ether (light petroleum spirit) or benzol, both of 
which are obtainable at low prices. The lubricants are 
dissolved in one of these solvents, and recovered by expelling 
the latter by evaporation, the solvents being also recovered 
for use again. 

For this purpose the greasy rags and waste are packed 
pretty closely in an iron drum, fitted with a draw-off tap at 
the bottom and a tight-fitting cover. Before fastening down 
the lid, a sufficient quantity of one of the above solvents is 
poured into the drum to cover the rags after the latter have 
taken up as much as they can absorb. The lid is then 
fastened down and the drum left for twelve hours, at the 
end of which time water is poured into a tube, about 6 feet 
long, projecting from the lid of the drum, and the draw-off 
tap at the bottom is opened. The dissolved lubricant runs 
out, being displaced by the water, more of which is added 
until clear water begins to flow from the bottom tap, showing 
that the oil and solvent are all out. 

The dissolved lubricant is next transferred to a still, which 
is placed in a water bath, the latter being then heated to 
boiling point. The solvent, boiling at a lower temperature, 
is completely evaporated, and can be recovered by means of 
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}i) condoIciivin*' f-lto nu^ovc^rt^tl tiihririiiii in it. fluid oHudi 

tion m i\w Hiill. 

li hiiH Inuni ro{‘(>inm{*ndiMl hv ilint ihi’ f.truiHV 
nhould 1h^ irc}ii<*d with Holvcnt in n td*».Ht*d ntid.iil vomhi-I, iftini 
(jiii(d(ly prcHHtul, and tlio Holuiion dintitli^d* l‘kj)rriintri* 
liowc'Vtu’, tlud* (svtnt when ilw m*oi arc prr^Hrd an «jtii<dily nn 
|)osHil»h‘*, a ^(otui doaJ of tin* Hulvtnd- h»!d. hy ho 

that ilu^ rc.covcay t)f the luhric’ani <Ioi“-4 licit pay. 

llai^H Hoakod with fatty lullriclint^4 mav hIho ho rltHiiiod hy 
Haponific’aiion. !*kir thin jnirpoHo ihry aro |t|iirinl in a pan, 
inixod with weak noda lyt% and flitat linih^d, out* or iwo 
HpiudnuniH takt*n oiif. from tJni»* to tint** to hoo whothtn* 

all the fat in Haponifiod. Wlmn iliin Hiayo is roindiod all the 
ra| 4 H arc. taken out, and the hoilinp in camtiiiiKHl until a 
fuuBluHl Hoaj), of low <[ua!it\% in ohiaiited. 

(dcanini^^ ra^^H or wante iniprepnated wit li mineriil oihi or 
paranin preast* cannot 1 h^ cknined with cHUintir Moda, liui iitUHt 
1)(‘ ir(^a,t(Hl with one or other of the al»ove HotvendH, 

Hiori^f/ drnisif IiiOjs ttr (’niittn lV(isit\ A word of caution 
Hliould 1 h^ piven on Uie Huhjf'ct of nttirinp preaHy cdeiuiing rapH 
or cotton waHt<‘. It han often been otiHiuwed that rapn Hoakt’d 
with fatty luhrii’antn an^ liable to lieeonie lieated wlnm kept 
in h(*aj)H, the Uunperatun*. riidnp to Miieli an i^itiuii that tliey 
tak(*< fire and may canm^ imineimt^ damapm 

d'ho only <‘Xplanation of thin plnmomenon in that ilie fid, 
in expoHcnl upoti nueh a larpi^ Hurfaee to the air that it readily 
oxidim.^H, the lieal thuH lilj(U*aied heinp Hulhedent to indue,e. 
ipnition. (lonHiupumtly, Htricd, orderH Hliouhl he piveri iliat all 
oily rapH and e.otton waKte are hi hc^ put into Hpcxnal iron 
drumK, with tipht«fittinp e,overH. In ihiH way ilie rink td fire 
in ixaliuuHl to a minimum; nhould luiriinp oetntr, thin e.an 
ordy take place to a limited <‘xieni and would not in any eane 
reacdi ignition teniperaturi*. 

Purifi/hif/ IVd'Hfr LuhrlamtH. In many maeltine partn 
re(|uiring copiouB luhrie.ation, a coiiHiderahh^ amotmt of oil 
riinH away a.nd in eanght in ludlecting veasedH pliu’ed heiunUJi, 
Thk waHt(‘. oil in gcauirally e.ontaminaied with dunt and very 
Huiall particleg of metah which earn he removed liy nitration 
through two or three layers of thick blotting papea*, the no 
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covered oil being then suitable for use again. Where small 
quantities are to be dealt with, the filtering apparatus need 
only be very simple ; but for larger amounts, specially con- 
structed appliances are necessary, especially in the case of 
viscous lubricants. 

Of this type the apparatus of Heitmann & Co. (Fig. 31) 
is a good example. It consists of a cylinder divided into two 
compartments, A and C. The lower compartment A is 
charged with the oil to be filtered, and is fitted with a heating 






(Valvoline Oil Co.). 

coil to increase the fluidity of the oil; whilst G contains the 
filter B, which is connected with A by the pipe S. 

The oil in A is caused to flow through the pipe S, either 
by introducing steam into A or by exhausting the air from 
C ; and in this manner the oil is filtered into C. 

A very efficient filter and purifier for treating dirty oil is 
the Turner Patent Oil Filter vad^die by the Yalvoline Oil Co., 
and shown in Fig. 32. This consists of a cylindrical chamber 
divided into two compartments and surmounted by the tray 
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A, into which the dirty oil is poured; this is kept filled so that 
it covers the perforated cap B, through which it passes to the 
cylinder C. In A the heavier part of the dirt settles out and 
this, being removed from time to time, saves the clogging up 
of the filters. The oil passes through the cylinder C and the 
cylinders D, D, which are packed with a special kind of waste, 
and then through F to the bottom of the water column F; in 
F it rises through the water being broken up into small drops 
by the perforated zinc cones G; from the top of F it passes 
through I into the lower part of the cylinder or filtered oil 
container. N is a cock for drawing off water and dirt, H is 
a cock for drawing off excess of water, and L is a glass gauge 
for showing the height of the filtered oil. 





(MI APT hi U XXIV. 

^rilM OHM ()l<’ (itIintrOANTS. 

I {HirpoHCiH tuitail ilu) uhc ot dilTenuit lubricants. 

out', often linarH of Ho-calltWl 'Minivcraal” lubricants, 
whi(*li, how<5V(n\ novcjr huccuuhI in doin^^ all that is claimed 
bn- tlann ; and indcuul tlio title at once implies that their 
niaker*H a,re i^noriuit of tlui nature of lubricants, for there is 
lio Hindi tiling' pensibk^ as a uni vca’sal lubricant. 

It (’.an 1)0 readily uiiclorstood tluit the shaft of a flywheel 
wtdgliiug perliaiw several tons, and ruiminf( at a compara¬ 
tively low speed, will require an altogether different kind of 
lubriiumt from the axles of an express train. 

Macdiinea riiriruug under a light load will require still 
anotlier kind of lubricant, the chief point being to employ 
one that will r<5(luc6 friction to a minimum and consequently 
diminish the wear and tear, whilst ensuring easy running of 
tlie parts. 

Very fine and small machinery, such as that of clocks and 
Hciantific instruments, require luhricants that, in addition to 
miniinising friction, will remain unalt(u:ed, or nearly so, d uring 
a long period of time, neither thickening, gumming,’’ nor 
corroding tlu*. inetai, even in the course of years. 

In works’ inacliinery, vertical aiid marine engines, one 
hdiricmnt will suffice, as a rule, for all soaBons of the year, 
idle machines being placed indoors and exposed to a fairly 
uniform tempomture. The conditions are different with 
locomotive machinery, (uj, railway axles, which are exposed 
to the groatost summer heat and winter cold. In climates 
whc'.re there is a wide difforonco bcjtwecn those extremes, a 
single lul)ricant will not sunico toi* this <dass of machinery, 
hut the composition must be modified according to the period 
of the year. 
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In the case of a lubricant, otherwise suitable, the degree 
of fluidity must be taken into consideration ; the thinner it is 
the higher the rate of consumption as a rule. This is a 
factor deserving notice, especially in lubricants for the axles 
of vehicles. 

For railway companies, the consumption of a minute 
quantity, more or less, of grease per axle monthly is by no 
means an unimportant matter, the difference amounting to 
a considerable item of expenditure in view of the very large 
number of axles to be greased. 

We have not yet arrived at the stage of being able to 
assert with perfect confidence that such or such a lubricant 
is the best, most efficient, and most economical for a given 
purpose, some experts praising lubricants that are decried by 
others. The sole way to .form a reliable judgment of the 
suitability and good and bad properties of lubricants, is by 
making prolonged and exhaustive tests with a number of 
these articles on a large scale. 

With lubricants that are used only in small quantity for 
fine machinery, price is a secondary consideration, the chief 
point being to obtain preparations that satisfactorily fulfil the 
purposes of lubrication: diminution of friction, conjoined 
with perfect preservation of the machine parts. 
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SHOE POLISHES AND LEATHER 
SOFTENING PREPARATIONS. 

CHAPTER XXV. 

THE MANUFACTURE OF SHOE POLISHES AND PREPARATIONS 
FOR VARNISHING AND SOFTENING LEATHER. 

The preparation of these articles is a branch of chemical 
industry which is highly profitable, but is carried on in such 
a manner, in many instances, that the products, although 
of a fine deep black colour and giving a beautiful polish, 
affect the leather in a highly undesirable manner, rendering 
it brittle and liable to crack. 

Most of the preparations used as shoe polishes consist of 
syrup, sulphuric acid, and bone black or lamp black, incor¬ 
porated with a suitable proportion of low class fat, such as 
fish blubber, rancid lard, etc. 

When bone black, i.e. powdered carbonised bones, is 
mixed with sulphuric acid, the calcium phosphate in the 
black reacts with the acid to form calcium acid phosphate 
and calcium sulphate, the finely divided carbon in the black 
being set free and imparting to the polish its deep black 
colour. 

The syrup also undergoes a change when brought into 
contact with the acid, carbon being liberated. The addition 
of fat facilitates the application of the polish to the leather, 
and helps to obtain the polish when brushed for a short time. 

Bone black may also be replaced by lamp black or vine 
black: this modification being attended with certain advan¬ 
tages over recipes containing sulphuric acid. When this 

acid is used it is necessary to employ only just so much as 

ro.m ^ 
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will be fully neutralised by combination with the calcitinx 
phosphate of the bone black, since any excess of free acid 
will gradually destroy the leather to which the poliBh in 
applied- The leather will become covered with fine cracl<H, 
and will finally break in a number of places. 

When one is not afraid of the trouble involved in intii- 
mately mixing with fat the finely divided carbon obtained in. 
lamp black or Frankfort black, this mixture, when incorpof'* 
ated with the other ingredients, will form shoe polisheB ot 
unimpeachable colour, that not only do not corrode tlio 
leather but actually preserve it, owing to the presence of tl 
fatty constituents. 

Good bone black, ivory black (Ebur ustum), and Frankfo vt 
black fetch such high prices in commerce that it is far cheape n" 
to prepare them oneself according to the methods about to 
be described, in which event they will cost only a fraction of 
their ordinary selling prices. 


CHAPTEE XXVL 


THE PREPARATION OF BONE BLACK. 

This fine black pigment, also known as Paris black, is pre¬ 
pared by crushing bones (preferably those of calves or other 
young animals) into lumps the size of a nut, and placing 
these fragments in an old cast-iron retort or pot with a close- 
fitting lid. This vessel is then placed in a furnace in such a 
manner that it is surrounded on all sides by glowing coals. 

Under the influence of the heat the organic substances in 
the bones soon begin to decompose, the gases liberated burn¬ 
ing with a bright flame round the edges of the lid. Heating 
is continued so long as the gases come off abundantly, but 
as soon as these cease, or the flame becomes dull and blue, 
instead of brilliant and white, the operation is complete, 
whereupon the retort is taken out of the fire and allowed to 
cool with the lid on. 

A still better method is to enclose the bones in an iron 
wire cage that fits the retort exactly. As soon as the car¬ 
bonisation is terminated, the cage is taken out, its contents 
discharged into a tub of water, and the cage is filled with a 
fresh charge of bones and returned to the retort. By work¬ 
ing in this way a considerable quantity of bones can be 
carbonised in a day in a small furnace. 

The glowing bones, quenched by the water, should be 
light, porous, and of a pure black colour. If heavy, dense? 
and brown, they have been removed from the furnace too 
soon; whilst if light, but greyish, especially in the upper 
layers, they are over-burned, and air has gained access to 
the interior of the retort. 

As already mentioned, access of air must be entirely pre¬ 
vented, otherwise the carbon in the bones will be consumed, 
and nothing will be left but the white porous bone ash. If 
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tha praparatiaJt nf this latter |ir*Hluti hr iir-.irrii. nit that h 
ri(U'.(l(ul is to phu’r iirthruki*fi hHur^ mi a hiajOtily hiiriiiii«r 
fin% vvlii<’li inav, in In* !r4 uilli tla iii- wilt tJnii 

Imrn ptairi-ily whii<*. witiiuul, hnur\rr, iM'aiy: thmr 'iliiipr; 
and wilt'll tndtl iltry will fnrindi prilnily wliitr, ptnimri 
inaHHnH, nanily rn«linnhlt't** tin** pMW«!» i‘ 

(puiiflird Imritt'tl hmim fi'i»ni thr alniw i‘Hrhriiit5ifij«r 
prtHU‘HH arti allowntl in dry ‘iup^i'lirritly, anti arr Ihfit 
powdnrtMl in a Inill luill t»r hrfwrrii iniOitmira It m uuf. 
a.dvisaldn to l<*t tlitnn hrrunir priiViily dr'y hrfnrr »»niidii}j(, 
as tluH rtnalcrs tlir pidvrrianip a irunhlr iranr Mprrftti<»n, a 
^jfood dt‘al t)f tln^ pi Avdtn* aln«s hniyy h» d in I hr !•^l nt rf du »f, 
d'ln* rt‘snltin^^ powtlrr ran hr nsrd dirr*’!, hni uhrn tlr 
ninul to h<‘ partirularly fuM- if put lhr»uj:di a nl'lnpy rrt*| 
whitdi alltiWH thr tiinn* partirlra !«» pam Ihitaifdi, wliilr tln^ 
t'.oarsrr partir-hai pann nut at tltr md ami itrr iairii hark iti 
hr ntpn'nimtl. 'Tht* rnararr partir!r-i in thr firat vr^arl arr 
^n'runtl ovrr a*pun. 

d’hr Hifitai Idark v\ a va ry hainlnMinr pimliirt, tnijhly 
Huitahlr i’nr finr shrr pulirlira ; hut il dr as'rd fitr fhr prr 
paralinn nf finr Irathrr varniahra, d run advanfaut^tnudy hr 
put tlirnuph a niinplr rrhnmp pniri-Hh, whirli punlir i it niill 
furthtu’a<t liitlr (‘KpriiHr, ainl ri»nvrrta it intii an mllrd ivnry 
hlar.k. 

Ipari/ lildrk, (’niiiinrrriitl ivt*ry tdarli i-t uaiiiilly inailiy 
purr (uirhnn, nlitaiintd hy irratinp iniuat. Irvipatml hmir Idark 
with rrudr hydrtirhku’H’ arah th«^ f|uantity nf arid prnrralty 
iiHrd htdnr ripial tn thr nririnal wturhi «d’ lamr-i ritlniird. 

ddir hytlrntdilrnr aritl diahidvra tlir rarhiiniilrn «if liiiir 
and luadnrHia pn*Ht*nt in tin* hlark with rtlrrvi’urmiri* owttid 
in tlir rsrap(‘nf rarlmnir inuti amt alan ihr rairmin ptiraphatr 
(uunpriHin^t thr hulk <d’ thr hunr anh, Iraviitr' thr rarlam un-’ 
altrrrd. 4dm luaHH in Htimal up rrprairttly durntft tlir diiay 
HO as to tmsiU'r romplrti* Snlutinn *»f thr- and im thru 

dilutrd with Huiradmit watt»r iu mahtj’thr rarhon in nrith* 
down, thr sralirurnt nf rarhrn hrinr rrpratrdly wii--ihrd with 
watrr and linally drird. 

4Mir ivory Idar.k thus utitaim'd furnn* an r^lrmirly tin«' 
powdrr, of a purr hliM’k tadour, that is it.srd fnr ilit^ finrst 
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lacquer varnishes and can also be employed alone as an 
artist’s colour. 

The Preparation of Franhfort Black .—Frankfort black 
is prepared in a similar manner by carbonising vine twigs, 
the prunings being usually employed for this purpose. The 
operation of carbonising can be performed in a wrought iron 
retort provided with an opening at the upper end for filling 
and an opening at the lower end for discharging the char¬ 
coal, both of these being closed with lids during the heating; 
also it is provided with a pipe for conveying the volatile pro¬ 
ducts to the fireplace where they are burnt. Heating is 
continued so long as inflammable gases are liberated from 
the mass. 

The carbonised mass is quenched in water containing 
10 per cent, of hydrochloric or sulphuric acid, and is left to 
stand over night. The acid liquor dissolves out salts that 
are insoluble in water alone, the residual carbon, when 
powdered and levigated, furnishing a very beautiful black. 





(UIAPTKK XXVtl. 

IJhAdKlNU and I'tJlASlIHS. 

•'rupi pn^paraiioiiH umul for polinhiuK iKHitn itiid hIiooh may Im 
Hubdivi(l<i(i int<) Htjviu’al ^^tnua’iUly known roH[HH’iivnly 

an l)la(;kinj4, Ih)o(. varninh, an<l loailior 

Hlackinf^^s an^ nuxttd with wainr, applird Dr ihi‘ Inailior, 
and IrruHlHul until a p(»liHh ajrpc^arH, 

Ikrot varniHtnm art*. Htrld in a Ii<|uid fortn» ami tm\ applit*d 
to tht^ h^aihctr with a Irrunh, w!M‘n*upon tlnw tlry with a 
bri^dd. ^doHH in a nhort tiinn. 

I jt^atlun* iL^rt'.astm art^ (*ith(*r H<niu»Htrlid or ody maHmm» imt 
inkuidt^d hr ‘p'vo a brilliant polinh Dr Ituithtir Imt hr r<mtlt*r it 
Hofi and Hupplo., and protiud it a^^airmt poiud-ration by wattn*. 

(tlficrrin, Hlaokin*^ in |.,nmtn'ally mrld in tho ft>rm of a 
mass with tiu*. t^onsiskmoy of butka% and is host kitpt in tins, 
sinot^ if packtul in lurKus <rr oardhtrard it drins up whon Htorod 
for Homti tim(% f.ra.(d<H, ami lostts its fims blatdc f,olour» ho that 
tlui Hav!nf( (dTookHl in tlu^ imdhtrd of [racdcin^^ is nountoracikal 
by ihiH <lrawbacd<. An addititrn of i^lytunnn, howovor, to tlio 
masH will impart the valuables prtrpt^rty trf rtuiiainini^ soft and 
f>;loHBy, (Won after prolon|[((*.d HtorajL^en 

Idaokin^^ cumtaining glycu*.rin cnm hi* made up into rolln 
and wrap|)(ul in wax paptu*. In fact, tlm addition of glytuudn 
(X)nforB such gimat advantag(m that it should novc*r bo omit- 
tud; it keeps the bla(’.king soft for an nulofmito period, 
facilitatoH its distribution in wat(U% and prewonts thc^ usual 
ttuidoncy of blacking to btKsonui mouldy. 

At ilui samo time it assists tlur blac*.king to pn^seuwe^ itio 
k'.athevr, by rondeu’ing tho latt(*r V(*,ry supplo. Blare* lc*atht‘r 
tliat is constantly polished with glyc.crin blacking will neweu" 
crack. 


C20(r) 
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Pure glycerin is not necessary in the preparation of black¬ 
ing, the crude brown glycerin, obtainable from candle works 
at a low figure, being quite suitable. 

A large number of blackings present the defect of yielding 
a polish only after they have been brushed for a long time. 
This can be remedied by rubbing a little fat on the leather 
before applying the blacking, or else by mixing a little oil 
(refined fish oil for choice) with the blacking itself. 

With regard to the consistency of blacking, different 
users vary in their ideas on this point, some preferring^ a 
serni-fliuid preparation, whilst others prefer it to be very solid. 
The consistency can be easily modified from one extreme to 
the other by suitably varying the proportions of fish oil and 
water. 

Since it is to the maker’s advantage to sell blacking as 
soft as possible, the following recipes have been compiled 
with a view to yielding this class of product. The finished 
product may, however, be thickened if desired, either by 
increasing the proportion of bone black or by evaporation. 
The former method is the cheaper, but the second gives 
very fine and uniform products. 

The concentration of the blacking by the aid of heat is 
highly recommended when the preparation of very fine 
grades is in question. Plat, enamelled pans are used, and 
the mass is kept stirred, since otherwise it is liable to burn 
and acquire a very disagreeable smell. 

Viemia Oil Blacking :— 


Bone black.10 

Syrup.10 

Sulphuric acid . 5 

Fish oil.20 

Water.4 

Soda.2 


This blacking, excellent in all respects, is prepared in the 
following manner: The bone black, acid, and syrup are 
agitated together in a lead-lined iron vessel, until the mass 
is uniform and exhibits a glossy black surface when left at 
rest. 

The soda is dissolved in a little water, and is boiled with 
the fish oil in a pan, with constant stirring, until a thick 
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TUFi MANMn'^ACTURH (M-* M‘!UU<‘A 

luaBB iH ()l)taiiu-cl, wil-h vvhi<‘li luixitirn m 

incorporatcul by Hlirrin*^^. 

By inc.r(m.Bin<^ or r<Hliicin*.( tho. proportion of thti nil in that 
of iho bhink atul nyrup, tin* 0 (mHiH(.<nu‘y ctf tho blitokiriK <’aii 
1)(^ ino(li(i(*.<l from thin a.ntl Ht)ft to hard untl Holid. ddto 
prc^paiution, Bold an Paris blatd<in‘( and iindor otdmr nanion, in 
compoumhul in tln^ nann^ rnanma- as tlm fort»|{oin|t. 

hi this, aB in all otlna’ hlao.kinos |H't*par«*d vvitli sulphurio. 
acid and hono hlac.k, iht^ masH must In* vii^oroiwly Hiim*tl an 
Boon an ilKuicid has hctmaddiul and lln* laitor run in in small 
((ua.nfciti('.B at a. tinu^, oihcrvviHo it will Ijocoiuo lumpy, and 
ili(‘. iirodiud. will hav(^ an undosirahlo <.p*annlar Hinu-turi*, 
wh('r(‘,aH |^a>od hlackiiR' should always ht^ soft, hm*, aJid uni¬ 
form vvdion applied to th(‘ kiathm*. 

Hhtek Polish in Hlit'/cs: - 

Tallow.. . . . a»narni 

Y('ll<iw\vax . , , . . m ,* 

Oil of furjiriiUno . . . . . . . a ,, 

are nadhul t(Tt<‘th(*r ami Htirnsl with a juawioUHly 
pn'.parod mixtures of 5 parts of lim? black a,ml 10 of olivo oil. 

fluid maKH is cast into Hti(d<H. In urn* a ntick in ruhhod 
amourist ilH‘. leatiuu’, vvhitdi is Unm polislmd with a wtadlcm 
niK* 

Ljions Hldcklnu. ddiisb'nmtdi |)n‘pa,ration isdistinituishod 
by its pnipiU’ty of producin^Mi/ laniuiifid blac’k polish on htailHU* 
witliout injurinf( tlu^ (piality of tln^ latUtr, whilst at thc^ same 
tim(‘. its proloni^od usn nanbu's tlin lon,thta* nearly WH.hu*prt»of. 
On this a(xa)unt tlu‘. artieJo d('.H<u'V(^H (dost* ationtion» cmpc»e.ially 
Him*.o it (uin bt^ prodmusl oluniply. ddio followii4{ nnupf* will 
furniKh an artich* of tlu*. hif^hosi quality : 


l. St»ap . ... . . t!0 

Btarrh.10 

(lalhiutiH. . 10 

(Ircuai vitri(»l ........ 10 

Wat(ir.‘JOCK) 

‘i. Byru]) .. . 00 

black HO 


HubstaiicoB ^o*oupo(l undcu* 1 am boihul to^tddictr for 
an hour, then straincul throui^h a linen (doth, and stirred 
fully with the remaining ingredionts whilst still warm. 
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Hanoverian Blacking :— 

1. Bone black.18 

Syrup.9 

Sulpliuric acid.4 

2. Gallnubs.4 

Water.10 

Green vitriol.2 


The first mixture is prepared by stirring, in the cold, the 
second one by boiling the gallnuts in water for two hours, 
straining the decoction, and adding the green vitriol, the two 
mixtures being subsequently incorporated by stirring. 

Berlin Blaching :— 


1. Bone black.100 

Syrup.50 

Sulpliuric acid.10 

2. Tan bark.200 

Water. . . 200 

Green vitriol.10 


The first mixture is prepared by stirring together; whilst 
the tan is boiled with the water for two hours, the green 
vitriol being dissolved in the decoction, and the whole stirred 
into the other mixture. Occasionally the following addition 
is made:— 

Logwood extract.50 

Potassium chromate.J 

Water.50 

this being prepared by heating, a noted improvement in the 

gloss accruing. 

Glue Blacking. —Glue is allowed to swell up in water, 
then melted and mixed with sufficient glycerin to form a 
highly elastic jelly when cold. With this is^mixed sufficient 
lamp black to yield a deep black coating when spread out 
thinly on paper. Since this blacking penetrates deeply into 
the leather, it is applied until no more appears to be taken 
up, and the leather is then polished with a woollen cloth. 

Waterproof Caoutchouc Blacking :— 


1. Bone black.40 

Syrup.40 

Sulphuric acid.10 

2. Caoutchouc.4 

Linseed oil.10 


The first mixture is prepared and allowed to stand for 
several days. Then the caoutchouc and linseed oil are heated 

14 
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Tim MANrKAcTritH OF hriiuic‘\K'rH. 

together, filiere.d vvhc^ti (udtl, tuuled with the firnt iitixiiire, find 
the whole luxated, with (‘(UiHlaoi ntirrifii:, it hun 
perfecitly (uiifornu 'I’he prnduei in of vi^u•(lUH cuinHiHttaiey, 
and wluai applie.d nt^veral timen, naider.^ tlw loatloT Wii4or» 
proof. 

IItu’ l>ih(W. lUilifth: 


Vtdlrjw wax ... , . 

Ml 

Oil of |.ur}>oMtini' ... 

S 

l^>t.aHh ... . , 

HI 

‘It<ul tog(dh<u’ and (rtsUtsl with 

StJi^ar ..... 

lu 

WaUu- ..... 

. MKl 


''J’Ik* roHulting wliiir mass is stirrod with eooijgti lamp 
hlaek to colour it di‘ep hlae.k. 

Wax I^oIUh: 


1. BtH'HWaK . . , . , . . lU 

Sdda . , iU 

WaU^r jf^j 

2. lioiu* lihu'k . , . , . l(K) 

Sulplinri<’ arid . . . . . 

. . , , ‘ ' teni 

MhIi oil , , . . . . HH» 


d’luH polinh, which ih endtwvmi with extsdhuit properties, is 
prepansl an {oIIow'h: dim wax in Hcraiattl thin and introdu<*ed 
by (h^gnsm into tin* litpior ohtaimsl hy dinsolving tlie Htida in 
the water, the Holutif>n tlnai ladng boiled until a ncunn no 
longer appears on tlu* Hurfaee. Mtauiwhde tlie lione hlaek, 
Hyrup, and acid an^ w<dl stirred togcdJic’r, the fmh oil being 
ad<led whcui frojhing lu^ginn to HuhMidts dim twai inixtnreH 
are next incorporatcal, and the finiBhed maKH is pacdosl in 
tiriB whilst still wanm 


Spermacrll Poluh ; 


Henmwax 

. . . SO 

HjHvnna<Hai 

be 

Oil of nirjHnaiiiti . , . ] [ 

ami 

iiro uu!lt(i(l togothivr iukI 

Anphalt lao ...... 

. , . *ie 

laun]) blank . . 1 [ 

. . . le 

nruHHian blun 

HI 


are Btirred into the liejuid, the manH being Hcentcsl, if dc'sired, 
with 5 parts of nitrobonj^ol. 
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(hill(tpvrvha / Uiiiah- 


1 hiUitipt^rt’ha,. 






Olivooil 





m 

Hum 

WaUir . 





20 

. lOOO 

(‘arlxmiHiul Iu>ih‘h . 





. 200 

hn-iup lilat^k . 





. 400 

Syrup . 


. 



. 1500 


| 4 U(.ta,[)(vrclia is ciUi into sMiall pieces, jnixcd with the 
eliv(^ oil and luaiUal, with constant Hti^rill^^ until a uniform 
mass is produced, into which th<'. gum, diasolved in the water, 
is ihcui Htirrt'd, ddie second mixture is then prepared hy 
Htiiring, and iinihul wiih the still warm No. I mixture. 

d’his polish is (ud.irc^Iy fr(‘.e from acid, and ilu'.reforo will 
luwov n)i th(i l(uiih(‘i*. The piximviKic of giittapcreha renders 
ilu^ heather almost waterproof after repeated treatment with 
this hlacking. 

PaknJ Leather Hiaining /Vcprrm//ow..—For some leather 
gtHuls it is important to liavc a dull black colour that is not 
adc-cted hy watcu’ or ollua,’ solvents, l)ut remains pcainanont, 
a prop(U''ty (l(‘.Hir(ul tnoixi particularly in the case of bolts and 
siraps. Ordinary kinds of blacking, bowovor, do not fulfil 
this requirement. 

It is desirable not only to produce a permauent black stain 
on Huch hnither goods, but also to treat lioots and shoes in the 
Hanu^ way, ho as to kissen the consumption of blaclcing nccu^s- 
sary to prodma^ a shine, and also to keep the colour permanctit, 
c‘vcii though the gloss ho siioiled, on prolonged cxposiiri^ to wet. 

A hhudi stain may he prodiuaKl on leather hy hoiling™ 

l j igvvood (shipH , ] 

Wa.i<u*.10 

togi'iluu’ for two hours, filtering the solution, a,nd applying 
three or four coatings to the kiathor with a sponge or, brush, 
licfore this application, which stains the leather rcddish- 
lirown, is dry, it is followed by one of a 1 percent, solution of 
potassium cdiromate, wliich changers the colour to a hand¬ 
some blue-l)lack. When the leather is dry, tallow or lisli oil is 
W(dl rubbcul in, and lilacking may then be used in the ordinary 
manner. 

lAijiilte HtacMng,- Powdered lignite, sieved through 
liolting (doth, is treatc'd with Btrong caustic soda lye and 










•I 111, MAM I M l ) til "T 1.1 liicH \M 


‘ii‘J 


l)iult‘(l fur HfViTiil huuiM. ill lliu I ii.t ..f uhi. h liiu.- liir ii.|u.ir 
will liavi' a vury ihiii Iu'muii .-..Iimu’, wIu! i th. |. .wilrr !ia>. 
hi'c.uiim vury ilclu'alf aii'i i > ii< ailv .11 li.iii>l .'•hi.- hi an 

ivory Itlack. 'I’li** who!.’ iuini'i ia j-.iii. .1 mi.> .1. v.- . ,. l r,.!itiu(i 
iiij' a lan!i* vulimii- of wali'i. iui>l i ^ f!i< ivl. ti t.> n-iilf, tin! 
black |>u\vilcr la iii!! cuib ct. il .m it p.iii i lilt, i , .Iri. il, aiut 
Hl.irrrtl u|i in .iintHblc jiri.ii.'i'ltun «iiti 

I.Vltl .Ml . 

ilsril 

lU'ltfian 

I . 

Sm1|4hii )<* hi'i4 

{.firi 

ful 

itrr ujflj till* •Aul|iliiu'ic uriil 

and luniind, with (’MU’-itiini ufirnn,n, iti 4 .iMurwaiv nr* [»urr«*- 
lain vi'Hsid, unt.il ih«' ntH'-i*i hu-. It»'r t<rin\'!i dli** ln»n«» 

hlac’k in tu'xi addrd, f<dl*nvi'd hy thr t u nud fi"i!i »*il, and tlii* 
wlinl(‘ hfaird. Hiu'i'nii: r. IJh' 

inasH [H'MVf t<iM Htiff, it thtnn*'d !iy -nadual iMldilnuiH nf IihIi 
oil. (’ari\ hnwovrr, n«'i'd»‘«i t’* |H'«''vnif fhr iitaHH 

l>c*coniin»( ino tlun and i^rnvix, in whiidi iHi'iit :% Iittli^ hniio 
black inUMi In* added. 

Inditfii d‘he artirle tmuall^ ‘i«dd ii--. indiito Idai’k’- 

114,! t*.nntaina no tndi^o , and. uid«*»^d, the aiitlii»r ha‘i fount! 
that indif'ii in t»f no particular u-'H’m lilaekinjy Wlien mat!, 
iht‘ iudi||o nurd, hr very finely jenaden-d and yround wiili 
fat nr oik nr (nu|doyetl in the aMlulde buio ,»f iiidiy*» eariniiiti. 
In oitlnn* canty iht^ rtcaullino prodini. i*aii »*iilv he e»uiipared 
(liHadvaniagt'taiHly with ordinarv widl made hlaekiii|.t. It 
lu^vtu* a pure ami ^Inaav hlaek, htit jtlw.iv-'. iOi iiuiellnili^ hliydc 
which polinhcH with tldlicnHy w hen hrii shed 

Moreover, tlic hinli price nf nnliyn wnuld preehitle it a uhc 
for Hindi a cheap article HH jdme jtMledi ;\ |irepani,tai»it, witdi 
a line hliUHh iinoty ami at the Hiinn^ time elieiifdv m 

ohiaintal from ilie folbtwme , 


m 

'4J 


Itl 

I 

■*o 

■10 


Hvrur 

Sulplittric’ H«*ia , 
IUmh’ fe»h 
PrtiHNiiui hhu* . 
liiuup lillirk 
FtHlj fill , 

I ilU il 


■I 

■I 

I'* 

fi 
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The sulphuric acid is first mixed with the bone ash, then 
"^ith the syrup and lamp black, and finally the other in- 
S‘i:edients are incorporated. 

Glycerin Blacking. —Good blacking should remain soft 
^ike butter, even when kept for several years, and should be 
^a,sily removable from the package and mixed with water. 
^^Vtany otherwise good blackings, however, are liable to dry 
^Xid crack when they have been packed in wooden or card¬ 
board boxes. Sometimes they set quite hard, and are then 
difficult to soften with water. 

This defect can, however, be cured by mixing the finished 
blacking with a little glycerin (8 to 4 per cent, being suffi¬ 
cient) before it is packed for sale. 

Glycerin is a substance of oily consistency which is very 
hygroscopic, so that it keeps the blacking constantly moist. 

also possesses the valuable property—already alluded to— 
cf rendering the leather soft and supple, besides keeping it 
:‘ree from mouldiness. On this account it forms a useful 
iicijunct to leather-softening preparations, as it is miscible 
w^ith both fat and water in any proportion. 

Liquid Blacking :— 

1. Bone black.120 

Olive oil.30 

Syrup.CO 

Sulphuric acid.30 

These products are mixed, the black being first rubbed 
I own in the oil, the syrup stirred in next, and the acid last. 

2. Gum arahic.30 

Grape sugar.30 

Water.500 

The gum and sugar are dissolved in the warmed water, 
bxxd the solution is gradually mixed with the first mixture. 
Che finished article is filled into bottles. 

Lowi/s Blackmg :— 

Powdered gallnuts.100 

Logwood extract ........ 4 

Vinegar.2500 

These substances are boiled for half an hour and strained, 
he liquid portion being treated with 300 parts of green 
'itriol and left for twenty-four hours. The clear portion is 
hen drawn off and warmed with— 







THK MVM laiTI tu: oi l.l liKIt 


m 

ilrnn 
Syrup 

until ihnst* HubHtiiiM’i'H aw Ivi'ti 'Hh' li.|iii.l 
with 

spirit <'f unti' 

'riititiiit .... 

I'hiH hlat‘kin»( \n nutl muHi m tiutilinu 

^riu^Hhollan H(»lution in prrjutnul hy mnnli jJifibu- 

in wry ntronf^ Hjiirii an tin* latti'r wil! tnk«* tip 

In tin* <>ri‘. 4 ifuil un luiihtiMn nt’ !‘!H partH uf jin\vi|frt‘i! 

in(li|..,n) in rnt:nmnu*n«h*tt ; hut thn^ inpirhuiii in uuw niiiittrel, 
niiuH^ it n<»t i!niu‘«>Vi‘ th<* fin- jiruifitri jujil 

atltln (aniHidnmbly ti» tin* ririi. 

Iran* lUtivkimj: 


lilauk .... , {'.f 

Syrup . '■ 

SuiH«.r . , , . . . H 

nil , . . . . n 

Sutpfninr H»u»t , , . , 'J. 


an* Htirnul ttipnllnn” nntil a ninhuin inntfurn P4 
nhtaiiuuh tlu* h»llt»win|j( h«-tn*» t!i«‘n inMrd ; 


*Vtm liui<*i'n<ut ... . u 

Cviti'iMj 5i<*litij*itj t» 

Hiuiu Itliu'k . , 'in 

Sulp!iun«' {U'mI . , I 

niu’iji l»lau . , , , I 

F( rriHUjaniili' lUnvhntij : 

I, f»>rr«« i - 

Waf.ur , . , ‘tniMi 

ii. clruiui vtiriu! . . , l«»n 

Wntrr ... , Iimsi 

Niirir nrid . . . |!s 


Sointinn Nn. in [HJuriut iiit .«! K*n I n* I Ihii|* a.'i a. iiriuhim* 
tatn forniH. Of thn wni }>ri*ri|MtiUt%‘JHlIi piiriH an* tiiknii lifitl 


,iuixc‘il with 


Hc»ui' blMtt’K ... 

ln<ii 

Fi-’ih utl , 

liiti 

Syrup ... 

I 

WfU-nr . . , 

'JJWI 

Sulpluirii* lU’ifi 

:a «I 

Wh(*n ultinmirly mixnd, Uh* inuHN 

IK panlii'if ill laixi 


: m I 
•,‘11 i 

In triiltrd 


:,n M 4 
litti 
1:1 






CHAPTBE XXYIII 

LEATHEB VARNISHES. 


Leather varnishes are merely ordinary varnishes, carefully 
prepared and stained black. Good leather varnish should 
dry rapidly, and be specially characterised by elasticity. It 
should not crack or break, even when the leather is bent 
strongly and sharply; and it should either be glossy ^er se^ 
or take a fine gloss when rubbed with a flannel or other soft 
cloth. 

The leather varnishes may be divided into two classes, 
according to the method of preparation: spirit varnishes and 
oil varnishes- The former contain various substances dis¬ 
solved in alcohol, and as they dry hard very quickly on being 
applied, they must be kept in tightly closed bottles. 

The oil varnishes prepared with linseed or other oil usually 
take twelve to twenty-four hours to dry, and then furnish 
coatings distinguished by fine gloss, durability, and great 
elasticity. 

When it is desired to apply several coatings of leather 
varnish in succession, each coating must be allowed to become 
perfectly dry before the next is applied; otherwise uneven 
surfaces will result. 


Glossy Varnishes— 

Glossy Black Leather Var^iish :— 

Boiled oil. 

Powdered umber .... 

Aspbalbum. 

Oil of turpentine. 


. 200 
. 40 

. 80 
. 200 


The boiled (linseed) oil is heated somewhat strongly in an 
iron pan, along with the umber and asphaltum, and stirred 
until all is dissolved, the mass is then removed from the 
source of heat, cooled somewhat and the turpentine then 
stirred in The varnish should be fairly viscous. On leather 
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Black Harness Varnish: — 

Shellac. 

.24 

Saudarach .... 

.4 

Elemi. 

. 4 

Venice turpentine 

.16 

Oil of turpentine . 

.12 

Alcohol. 

. 1000 

Lamp black .... 

. 40 

The resins and turpentine 

are mixed with the 


turpentine and heated to boiling, the alcohol being stirred 
into the cooled mass, followed by the lamp black. 

Black Varnish for Belts :— 


Sliellac.100 

Pine rosin.20 

Venice turpentine.50 

Oil of turpentine.40 

Alcohol.1000 

Lamp black.40 


When applied to belts, this varnish, which is fairly elastic, 
soon forms a fine nniform coating, which dries rapidly, and 
does not easily crack, even when the leather is strongly bent. 
For this reason it is very useful for boot leather. 

Elastic Leather Varnish {Flexible Blue Varnish ).—This 
varnish, which has a beautiful blue gloss, is extremely flexible 
and very durable, is prepared in the following manner: 

Prussian blue is boiled with linseed oil, the blue being 
powdered, dried, and introduced into an iron pan containing 
the heated oil. The proportions are :— 


Linseed oil.1000 

Boiled linseed oil.100 

Prussian blue.200 


When the blue has been stirred in, the mass is quickly 
heated to such a high temperature that the linseed oil com¬ 
mences to evolve fumes, and sometimes takes fire. In view 
of the latter contingency, which is undesirable, a sheet-iron 
cover is held in readiness to place on the pan for the purpose of 
extinguishing the flame. 

This operation of boiling the Prussian blue and oil to¬ 
gether is accompanied by certain chemical reactions, which 
have not yet been closely investigated; the linseed oil turns 
dark brown to black, and thickens. To prevent the blue 
from settling down, the liquid is repeatedly stirred. 

After boiling for several hours—three to four being 
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generally Hnffksic'ntr—ilu^ mass is I<‘f(t to stand at alxmt tlu! boil¬ 
ing temperature of vvaba*, ddnj undissolvcul portioti of the 
PruHsian blu(‘. sinks to tlu^ bottom, l(‘aving tin* litjuid cJcuu*, 
but so dark in colour that it apfxuirs blattk, (iVtui in thiii 
layers. It is poured into bottk^s immiMliaitdy. 

dV) obtain sueet'.ssful r(‘,suits in this pro(U‘.sH, t!i(‘- following 
points Hhoiild be obsorvcul: 

Only the fmeBt grad(i of Prussian blue*. Hbrudd be uh(u 1, 
the commercial nanu^. for this (luality bedng Paris blin^. ddie 
value of a sample of this bhu^ may bt* (estimated by its great 
weight, and by tlui peculiar bron/,(i lustn^ on ttu^ surfaca^ of 
fracture when a lump is broktui lunniss. 

The lighter (-oloured ‘Mkulin blue*.,” which lac.ks tluj 
metallic lustre, often contains oidy 80 ptu* (;ent., or ewtui hms, 
of the real blue. It is highly important that tlui blue sliould 
be thoroughly dry, sinccj ordy wlnm this is l\w, cas(^ is the 
operation successful. 

The varnish should always b(‘. boihxl in a pot containing 
the residual blue from a previous opiuntion, simu*. this tmabhm 
the residues to be utiliscul. 

To apply tliis cxcelhmt varnish to buitluu' (whic.li latter 
must not have bocni previously bbudvcul or pcjlislKul), a stiitable 
(luantity of the varnish is warmed in a pan until fairly thin, 
and then laid on tlu^ Icatlun’ hot. ^Vlio rt^sulting c;oating is a 
deep blue-black, wliicli driim over night and will stantl the 
action of the weatlier perhx'.tly. ddu^ heather (‘.an ho bevnt to 
any extent without injury. 

Gao u'l’e h:( ) u(! Va a n i s rr— 


Ordinary OaoiUchouc y^arnin/i: 

Oaoutc/houc. 

Pofcroloum .... 
Oil of tiur]K*.nt»iiU3 .... 
Boilnd linH(«*d oil .... 


10 

20 

10 

6(H) 


The (jaoutchouc is first dissolved by warming with the 
petroleum and oil of turpentine, the boiled oil Inung added 
next. If the varnish is to be black, 50 |)arts of fine lamp 
black are stirred in. 


Elastic Caoutchouc Varnish : 


Uoflnod pino roHiri.10 

Oil of fcurpcntihio.. . 6 

Caoutcdiouo . f, 

IdiiBood oil.,10 
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The pine resin and oil of turpentine are melted together, 
the caoutchouc and linseed oil being then added, and the 
whole stirred until a uniform mixture is produced. When 
applied to leather this varnish will long remain elastic, even 
in the cold; without cracking. 

Gaoutchoioc Varnish for Bicbher Shoes :— 


Caoutcliouc. 70 

Refined pine resin . . . . . . . .140 

Oil of turpentine.250 

Bone black.20 


The caoutchouc and oil of turpentine are heated together 
somewhat strongly, the resin being then melted in the solu¬ 
tion and the bone black stirred into the hot mass. 

Caoutchouc Bepairmg Varnish :— 


Caoutchouc.10 

Benzol.. 70 


The caoutchouc and benzol are placed in a carefully closed 
flask, which is exposed to sunlight until solution is complete. 
This varnish is highly suitable for repairing worn rubber 
shoes and waterproof coats. The damaged parts are painted 
over with the varnish, the edges of cracks being pressed to¬ 
gether and held for a few minutes in that position. 

Asphaltum Varnish. —Syrian asphaltum (bitumen) is a 
substance very insusceptible to the action of chemicals, and 
is distinguished by a handsome black colour, both of which 
properties render it extremely suitable for use in varnishes 
for leather, wood, metals, etc. A varnish suitable for all 
purposes can be obtained by shaking up the finest Syrian 
asphaltum in a flask with rectified oil of turpentine, the two 
being left in contact until complete solution can be assumed 
to have occurred. The flask is left to stand for a week 
longer, to enable any undissolved matter to settle down, the 
supernatant liquid being afterwards poured off from the 
sediment. If necessary, the solution can be thinned with oil 
of turpentine: the thinner the coating on the leather, the 
higher the gloss. 

Liquid Asphaltimi Glossy Varnish :— 


Syrian asplialtum.10 

Oil of turpentine .... ... 10 

Petroleum.10 
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are placed in a cloBcd (lank and hd't to Htaud for H(‘-v{‘ral dayn, 
with repeated Rhakintj^. Mcianwhik^ 


Tjainj) hlac.lv.. I 

LinH 0 (ul oil ... . . . . . ,5 


are rubbed down togethtn% and then iiK^orptn-abHl wiih tlu^ 
asphaltiini Hohition by ntirring. ’'Flie fnuHluul varnisli inuHi 
be filled into tightly c1oh(h1 bottk^H. 






CHAPTEE XXIX. 


LEATHEE SOFTENING PEE PAEATIONS. 

These preparations are used for the purpose of preserving 
the leather, rendering it soft and flexible, and preventing the 
penetration of water. Those that are fluid and of an oily 
nature, are simply rubbed into the leather with the hand or a 
woollen cloth, whilst the more solid ones must first be 
liquefied by heat. 

In all circumstances it is advisable to use these prepara¬ 
tions, whether liquid or solid, slightly warm, since in this 
condition they penetrate much deeper into the leather than 
when used at the ordinary temperature. 

After the first application, it is advisable to put the leather 
in a warm place, until the gloss produced by the preparation 
has disappeared, i.e. till the preparation has been fully 
absorbed by the leather. 

It is a widespread error that wet leather cannot be 
greased, but ought first to be thoroughly dried. This is 
incorrect; besides, the leather becomes hard and brittle on 
drying, and then requires a long time to resoften by the aid 
of greases. 

Wet leather, on the other hand, is in a very suitable con¬ 
dition for greasing, all that is necessary being to wipe it over 
with a dry cloth until the grease will adhere, and then to rub 
the latter well in. Drying can be conducted at the ordinary 
temperature, or with the aid of heat, without the leather 
becoming hard or brittle; so that under these conditions it 
fully retains its flexibility and softness. 

Grease for Boot Uppers .—One hundred parts of soap 
are dissolved in 1000 of water, and 100 parts of glycerin, 
25 of beef tallow, 25 of fish oil, and finally 25 parts of 
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colophony arc achh'-d. 'I’lic wliolo Ih hoiiod foi' koiuc iiiiK'., 
and then stirral nntil c-old. 

Hariuiiifs (rmnse: 

Soap. ... 2 

a O 

Sugar.. . . * 

Wafcor. ... 4 

..1 

Hapooil. . - . iiO 

''llio fioliclH arndiHSolvod in (.lu‘. vva(i(‘r, and stirrnd with th(^. 
rape oil, bein^^ kept warm, nntil a uniform tnixinre. is ohtaimul. 

Wax.I 

Soap.. . . . I 

Ijump blac.k. •*> 

Oil of turpdul.imi ...... b 

FiKli oil ..‘40 

The wax m dissolved in tlu'. oil of turpcuitirui by tlui aid 
of heat, the soap is scraped and added, followcul by tlu'. lish 
oil, and finally by the lamp bhudc. 


W(il(r;pr(>of Tje((’tJirr (irvase: • 

Oloic. ac.id. .24 

Cruder Htoaric. acid . . . 0 

Ammonia Hoap.IH 

Tannin oxt/faoL ...... . . S 

WaUsr.24 


TIui oleic acid and cruder Ht(*.arict aedd an' nu'lhul io^^^thduu’, 
the ammonia soap beinj.^ then addtid l)y dt'^p-t'es, follow<ul by 
the tannin extract, and finally by ilu^ wat(U’. 

The ammonia soap is prodncuMl by Uiddiip.; ammonia to 
hot oleic acid, until the simdl of ammonia is penu'ptibh^ after 
prolonged stirring, and tlui whole luis scdi to a jelly. 

By adding to this grease a solution of ‘i parts of gnunt 
vitriol in () of water, it is stained a d(uv{) black, and is then 
admirably adapted for application to shtx^ I(uU.1hu’. 

WaUrproof Leather (Irease: 


Wax.. . . . so 

Anphaltum ... , . . . 10 

(.)il of turpcntiiuo.. . . f>() 

LiTiHOod oil.. .100 

Olivo oil. ,100 


The w:ax and asphaltum arc dissolved in tin? warmcxl oil 
of turpentine; and the olive oil and linseed oil, having been 
heated together, are poured into the solution, the whole being 
made homogeneous by stirring. 




















LEATHER SOFTENING- PREPARATIONS. 


223 


Gloss for Greased Leather :— 


1. Ruby shellac.2 

Alcohol (95 per cent.' . . .... 10 


The shellac is dissolved, in the course of a few days, by 
repeatedly shaking it up in the spirit, in a bottle that is stored 
in a warm place. 

2. Marseilles soap . •.25 

Alcohol (95 per cent.).400 

Glycerin.40 

The Marseilles soap is dissolved in the alcohol and the 
glycerin added, this is then united with the first solution and 
the whole mixed with a solution of 5 parts of nigrosine in 
120 of spirit. This addition gives the gloss a beautiful black 
colour. 

Fish Oil Leather Grease, —Fish oil—in itself an excellent 
softener for leather—is, in many cases, precluded from use 
by its highly disagreeable smell. To remove this defect and 
enable the oil to penetrate readily into the leather, the oil is 
stirred up with a solution of tannin, until the smell has dis¬ 
appeared and the entire mass has assumed the consistency of 
butter. 

It is then left to stand,» the fat is separated from the 
watery portion, and is then treated with a very small quantity 
of carbolic acid, which preserves the refined oil from becom¬ 
ing rancid in storage. The proportions used are:— 


Fish oil . ..100 

Tanuin.2 

Water.10 

Carbolic acid.50 

Grease for Wading Boots :— 

Spermaceti.20 

WaK.. . 40 

Pine resin.30 

Turpentine ..50 

Linseed oil.400 

Fish oil.200 


The wax, spermaceti, and pine resin are melted together, 
the turpentine being then added, followed by the linseed oil 
and fish oil, the whole being heated to the boiling point of 
water and stirred for half an hour. 

Besin Grease for Leather 


Pine resin.. 10 

Oil of turpentine.3 

Lard.30 
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Tho reKin in tlisHolvod in Hit', oil of iurjiciit.iiio by tlic', iiid 
of boat, tb(! lard b(un(j: lilioii addinl, and Uic wludo luixotl to a 
uniform maHH by coiitiniiod ntirrino, after wliicdi it is Ud't to 
cool. Wluvn oiubwivours ar(! made, to expel the. oil of turptm- 
tine by protracted luvatinjj, this can only be done vvitliiuit in¬ 
jury to the product, providcid tbe. temp(‘rature. (Cnployiul d(H>,H 
not oxcood about Hr)(V' b’., at wliieb (emp(U'ii,tur(‘ tins oil of 
turpentine will vaporise very (piickly without tbe. fat beiiif^ 
affected. Any bi^duu- bunpe.ratuns b<iw<;ve.r, partly (Uwom- 
poscB tbe fat, and forms prodm-.ts that would injuie tlus 
leatber. 

It’or leather subjected to freipieiit bending', this tfrease is 
unsuitable, but it is very useful for harness, belts, et<x 

G(i(iutch(iu(‘ drcditi '' 

OaouUilKiuc.. 

Oil of tui’pontinu.^ 

Ijard. 

oil ... . 

Tallow.1|> 

I jami) blac.k.. . . *i 

caoiiichoiic in (UkhoIvcuI in ilut lu^aicul oil of tiu’pftntino, 
and tho filtcTod Kolution is pounul into tins nn^JUul fat, whiodi 
has provionnly bo(Ui stiriHul with tlu^ lamp hlac'k. 

Patent Caoutehouc (Iretw: 


(laxmk’.hoiic-.1 

Oil of turponiitin.b 

Brown Hugar .... .... to 

Sulifhuric. ao.id.. . 

Uapo oil . . . to 

Bono blacJi.. , . H 


The caoutcliouc is dissolved in tlu^ oil of titi’pcoitim*., Uui 
sugar and l)ono black ani troafasl with tlm Hnlpliurin ac.id 
with tho aid of h(‘-at for Kov(U‘al hours; tlio two mixturoH arc^ 
united, mixed with tho rap(‘. oil, and h('4i,t(‘tl for an hour. 

Petroleum Jelly ati n (Irease and PreHervatlve.' lk‘troI(*um 
jelly is an exceedingly valuable (‘.mollicmi for all kinds of 
leather, since the very hardest hditluu' e,an he*. Ht^ficuuul by 
repeatedly rubbing in this j(dly till it will ahsorl) no more. 
At tho same time tlui leatluir thus treahal oUerH grcuiter 
resistance to the pfvnotration of moistiux', and is prf‘HorvcHl 
from becoming brittle. 

Petroleum Jelly Grease for Leat/iea\-4\\hvi>Umn jkdly can 
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l)t‘. uscul oil iiaitiiral IcaiJua’ by iinolf, lint fof l)lac.k It^ailnu’ tln^ 
followiii|L( (a)m|)ositi()n is riaaiinnKuidc.d - 


Ot^li’dhniui j«'lly ........ 1(10 

I ijuh}) bljick. h 

IVUSMUIII . It 


A Kinall portion of ilu*. pi‘irol(uun, ji'.lly Ih nu'.lUul in an 
(uianudliul iron pan, ilu‘- lamp blac-k and Prussian hino lann^^ 
addt'.d, and stirrtul until tlic mass is uniform. ri'st of 

tiu', ptdo’oltuim ji'Jly is afttu'vvanls stirred in by di^^nau's. 
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Thk product known aw dc^n-aw, or tannor’s |j[rtntH(‘, in dis- 
tinguiBhcd l>y itw property of p(nio.iratii 4 ( heathen* with ipxuit 
ease, and iinpartin^^ to it (‘.Ktn'iiu^ softtu'-sw and Huppl(UU‘HH. 
Hence, when it is d(‘,Hir(ul to niak(‘ hard haitlun’ Kofi aiid 
flexible, degran fonuK tlie h(‘st inatcndal for tdb'c.tin^^ tlu'. 
purpose in vi(iw. 

Before tlui propt'-rticis of the. fats had lua'.n more, elomdy 
investigated, ddgras was pnjparcal in a veay |)ee.nliar mantna*, 
owing to which circumstance it was only ol)tainahl(‘. in small 
([uantities conuncrcially, and was high in prien. I^vtai now 
that it can bo prodiKusl in any (fiuuitiiy, tln^ prices is still 
comparatively high, so that tlus procstsss is a vtsry prolHablcs 
one. 

J)6graH is rt'.ally fat in a state of tstnulsion, i.e. fat distrihutisd 
very linely in a litpiid of suitabhs character*, so as to form a 
mass of the consistency of ointnusnt or l)uttt;r. 

The cliaractcsristic; hsaiun^of good degnis is that it is V(sry 
readily abHorb(sd by leatlusr to whie.h it is applitsd, a.n<l sncIi 
leather no longer lusats when piled up in lusaps, but in a sliurt 
time appears to Ixi uniformly iinpr(sgna.t(Hl with tins inasH. 

o/i)A/'m.s‘fes* ff* lijf-l^radirvf in Making Hliamoy 
TjmitJier,--\x\ tins manufatdains of shamoy hsatlusr tlie suitably 
prepared skins ar(‘. s|)ray(ul with fish oil and thrown into 
heaps, Owing to tlui incipiemt oxidation of tlu^ fat tlu^ hc^aps 
soon beconui ratluu’ lu)t; and adteu’ a (U'rtadn tinu'. the skiuB 
arc put through a fulling proe.ess, ami linaJly tr(‘.a,ted witli a 
30 per cemt. solution of potash. A, milky whittj litpiifl is thus 
formed in which tlie tat is found to l>e distrihukul in th(5 form 
of exceedingly fine gl()l)ules. 

This li(|ui(l is troatcul witli suffieitjni sidphuric a.cid to 
neutralise the potasli, wluireupon th(\ fat collects on tlu^ sur¬ 
face, in the form of a dirty white or y(dIow to brown mass, of 
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rather mild flavour, and specially adapted for softening tanned 
leather, which absorbs it greedily. 

In many works, skins are shamoyed for the special purpose 
of producing degras, that is to say, after being fulled and 
treated with potash, the skins are resoaked with fish oil, left 
to heat, fulled, and treated again with potash, this cycle of 
operations being repeated until the skins drop to pieces. 

Production of Bdgras from Fish Oil .—A much simpler 
method of producing degras, however, is by emulsifying fish 
oil in the following manner : A solution of potash (10 to 20 
per cent, strength) is boiled in a capacious pan, and fish oil is 
run into the hot liquor, in the form of a very thin stream, 
from a tank overheard, the liquid being kept stirred by means 
of paddles, etc. The quantity of fish oil used must be 
determined in each case. With some fish oils as much as 
50 per cent, of the mass in the pan may be taken, but in 
others a much smaller proportion is sufficient. 

After all the fish oil is in, the stirring is continued for a 
considerable time, and the mass is heated further, samples 
being drawn at intervals. When one of these samples no 
longer separates into two layers on being left to stand for 
some time in a high test-glass, but forms a homogeneous 
milky liquid, the operation is complete. The finished degras 
is then stirred whilst cooling, until it becomes viscous, where¬ 
upon it is poured into barrels. 

In the majority of cases the above procedure will give 
very favourable results, yielding a product fulfilling all re¬ 
quirements. With some kinds of fish oil, howevei;, all at¬ 
tempts to produce a good degras are in vain. The heating 
and stirring may, for example, be continued for hours, but 
the resulting mass will give up a large proportion of its fat 
on standing. Hence one is forced to conclude that certain 
kinds of fish oil are incapable of forming an emulsion with 
potash solution. It is therefore always advisable to test the 
suitability of the fish oil by treating a small quantity with 
potash solution in an enamelled pan, with constant stirring. 

Pish oil that will not thoroughly emulsify with potash 
solution may be made to do so by first heating some weak 
caustic soda in the pan, and stirring the oil with this until it 
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grows milky, whicli (lon(%a V(U'y Hiroiigsoliition of potash can 
1)0 added, and stirring coniinmul so long as a. droj) of fat c.aii 
bo dotect(id in the liquid, wlau’enpon ilu‘. aln^jidy mtuitioncul 
test is applied. 

Th.(v/Morf 7 //.s* is a.s t()ll<)WS : A 1 |)(n'e.(‘nL solutioti 

of caustic soda is prepanal by dissolvitig dnuu soda, in tlu^ 
pan; and the (ish oil and potash solution ani stonul in two 
overhead tanks fitted witli taps. |)otash sohiiitm, it may 

be stated, is prepared by mixing pota.sh and vv!it(a* in (upial 
amounts, and stirring tluan, at frtupumt int(‘rvals, during 
twenty-four hours, at the end of which tinu‘. tlu^ solution is 
poured off from any undissolved rt^sidm^ and transferiaal to 
the tank aforesaid. 

The soda lye having Ixuai lu^a-tcul to boiling, tlu‘. tap of tlui 
oil tank is opencal Bunicieutly to allow a strt^am of oil, aJauit 
tlie thi(;kncBS of a ptmcil, to run into tlu^ pa,n, tlu^ (uaitimts of 
which are kept wcW slirnul ih(‘. wlioh^ tinn*. Wlnm all tluj oil 
is in and the litiuid has l)(Ha)m<^ milky, the potash solution is 
also run in as a thin scrtMim, and tlu^ wholes stirnul until a 
satisfactory sample is ohtaiiHul. 

To produce a yi(dd of greahu’ (‘.onsistcnic^y, a, Honu^wluit 
larger proportion of caustic, soda must h(‘. tak<m, tln^ solution 
being made of ii to 2 per cent, stremgth in phuu*. of 1 peu* 
cent. Tlu‘. exact amount, howiwcu*, must h(^ a,sc.(u*tain(ul [)y 
a preliminary (^xpc'.rinunit, sinc,(^ an (;x(U‘sk would give, a pro¬ 
duct more like soap than ointnumi ddu‘. dcgra,s should lu^ 
of such consistency that it can e.n,Hily applital to haitluu’ 
with the fingcir and 1 h^ rapidly ahsorhtid by tins mahudal. 

Old/i /)cV/m.s*.- d)l(u'n or ohric, acud, tins hy»producd, from 
stearinc', candle works, can he very advantagu'ously employtul 
in the preparation of a vea-y ns(‘.ful degras, though oiu'. inhaior 
to that obtained froru fish oil. imd-hod of pr(‘|)ara,iion is 

the same as for fish oil degras, ilu^, oUun he.ing rim into the 
boiling caustic soda lyc; hut the milky stage*, is geaierally 
reached more quickly. 

If the quickly cooled sample shows the* fmiHluul product 
to be too fluid, a corresponding (pia-utity of ehun soap is 
added to the liot mass in tlu^ pan. To enable this soap 
to dissolve rapidly and completely, it must l)e cut into 
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fiiu'. bIuxuIs and niim'd until not llic Hli^^htowt wliil(‘. frj^>;nuvnt 
of nndisH()lv(ul Koap (*an be Hcuui in Hamples iak<‘.ii from time 
to time, tlu^ latter: Ixun^^ ((uitt^- homof^cviieoUH. 

Home practical iruui look upon brown d6^^ra8 an Ixx’n^^ 
Htron^nu: than that of lighku: colour: -an opinion that in de¬ 
void of fonndatioip the colour btun^j^ d(‘.riv(K’l Hohdy from the 
UH(^ of Home dark fish oil in the manufacturing^ proccHH. 

However, tli(‘- desiixi of conHumerH to have a dark-cjolourcxl 
de^n*as can bo easily f^ratilicxl by suitably colouring th(‘. con- 
t(mts of the pan whilst still liot. Th(‘, best means for ejecting 
this is to add a very strong decoction of tan or tannin extract, 
^bhis solution is poured into th(^ ddgras as a tliin strciam, and 
stirred until tlu^ wliolci mass lias acriuired an (wen colour. In 
this cas(‘- also it is dcsirahlc for the buttery consistency to Ix^ 
rctaimxl. Wlum a good sample of ddgras is spread thickly 
on a sheet of glass and held up to the light, it should havt^ 
a iuiif()rmly translucent appixiramx'., without exhibiting lighter 
or darker patches. 

lildck l)(((/ras,~T\m producjt is obtained by stirring 
ddgras up with tan or tannin extract, and then, whilst still 
hot, adding a small quantity of green vitriol solution, follow(xl 
by protract(xl stirring. The whole mass quickly stains a 
(huip black, and the product is highly suitabk^ for greasing 
black IcatluJi:, which is desired to he supple, and not to 
hocomo hard and briftlo wlicni we<t. 

Diijrcu from Wante Fat. . —By suitahh^ trcxitmiuit, any fat 

that is almost unlit for other purposes, owing to the presemu', 
of impurities, (;an ho convortixl into ddgras. Iduis, a useful 
and prolitahle ddgras is obtained from the dark and evil- 
smidling fat recovered by boiling hoiu'.s in an advanced state 
of decomposition. For this j)ui:pose tlu^ fat is lioatcxl to 
250'' to libr)" R in a pan for half an hour with constant 
stirring. A very disagrooable smell is given off, and the 
contents of the pan art', next stirred up with 1 to 5 per cemt. 
of .4 per cent, soda solution, followed by the potash as alnuidy 
descrilxxl. In this way, and witb5iil|\%y 
a brown ddgras is generally that will do all that^,c^x 

1)0 reasonably expected of ' 
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Acid liquor in resin still, 79. 

Acids— 

Arachidic, formula, melting point, 
and origin of, 14. 

Behenic, formula, melting point, and 
origin of, 14. 

Brassidic, formula, melting point, 
and origin of, 14. 

Butyric, 14G. 

Butyric, formula, melting point, and 
origin of, 14. 

Capric, formula, melting point, and 
origin of, 14. 

Caproic, formula, molting point, and 
origin of, J4. 

Caprylic, formula, melting point, and 
origin of, 14 . 

Carbolic, in leather softeners, 228. 

Oerotic, formula, melting point, and 
origin of, 14. 

Cinnamic, 140. 

Doeglic, formula, melting point, and 
origin of, 14. 

Elseomargaric, formula, molting 
point, 15. 

Erucic, formula, melting point, and 
origin of, 14. 

Fatty, 12, 13, 14, 15, 22, 23, 24, 88, 
40, 48, 50, 104, 126, 148. 

Gadoleic, formula, melting point, 
and origin of, 14. 

Hydroxy (Table 5), 15. 

Hypogoeic, formula, melting point, 
and origin of, 14. 

Isocetic, formula, melting point, and 
origin of, 14. 

Isolinolenic, formula, melting point, 
and origin of, 15. 

Jecoleic, formula, melting point, and 
origin of, 14. 

Laurie, formula, molting point, and 
origin of, 14. 

Ligno ceric (oarnaubicj, formula, 
melting point, and origin of, 14. 

Linolenic, formula, melting point, 
and origin of, 15. 

Linolenic series, general formula 
(Table 4), 15. | 


Acids (amt .)— 

Linolic, formula, melting point, and 
origin of, 15. 

Mclissic, formula, melting point, and 
origin of, 14. 

Myristic, formula, molting point, and 
origin of, 14. 

Naphthenic, 14G. 

Nitric, in blacking, 214. 

Oleic, 13, 52, 112, 113, 1G6, 1C7, 1G8. 

Oleic, formula, molting point, and 
origin of, 14. 

Oleic, in leather softeners, 222. 

Palmitic, 13. 

Palmitic, formula, melting point, 
and origin of, 14, 

Physotoloic, formula, molting point, 
and origin of, 14. 

llapic, formula, molting point, and 
origin of, 14. 

Rifinoleic, 13. 

Ricinoloic, formula, melting point, 
and origin of, 15. 

Saturated (Table 1), 14. 

Sodium, salts of the, as emulsifying 
agents, 155. 

Stearic, formula, molting point, and 
origin of, 14. 

Stearic, in leather softeners, 222. 

Sulphuric, 156-162, 164, 165. 

Sulphuric, action on, oils, 62. 

Sulphuric, in leather softeners, 224. 

Sulphuric, in oil purification, 22. 

Sulpliuric, process of refining oils 
22, 23, 24, 25, 20, 29, 31. 

Tiglic, formula, molting point, and 
origin of, 14. 

Unsaturated (oleic series), (Table 2), 

14. 

Unsaturated (linolic series), (Table 3), 

15. 

Valeric, formula, melting point, and 
origin of, 14. 

Aerostatic oil can, 180, 181. 

Albumin in lubricants, 138. 

Alcohols— 

Ooryl, formula, melting point, and 
origin of, 15. 







m.. 


(roihf.) ■ 

(kU.yl, forimilu, uuUl.ing point., and 
origin of, i/>. 

[<\)r purifying rapt^ oil, 

In fal.s and vvaxns in froi^ Hl.aUg l(>. 

In falH and vvaxtug wil.Ii faLt.y ac.idH, 
If). 

In loalluu* Hoflitnnn’H, iW, 

In loaLlnn' varninli, 21(1, 217, 
Mojiovalonl. jiroinaliid (hUu’oIs), 

('ra.l»l(^ :t), 1(1. 

I\lonoval(‘nti, of, tlu^ fatt.y Horicm 
('ral)U^ 2), 15. 

Myricsyl, formula, nudling point., and 
origin of, 15, 

(){it.od(U’.yl, formula, molting point, of 
l.lu^ fatty H(n’i(iH, 1(1. 

1‘urifying’oil with, hit). 

Trivalont ('l’al)lo 1), 15. 

AidedlydoH, IJl. 

Almond oil an a lubric-ant, 15, 4(1, ld‘J, 
155. 

Almond oil, Hpeuddt*. gravity of, 45, 4(1. 
Alumina uoaps, ‘dd. 

Amcn’i{*.an matddno oiU and groanoH, 
1117. 

Amorioan palm oil groamw, 101). 
Ammonifi, 52, IKI, 

Ammonia in omulHion lubricuintH, 00. 
Ammonia Hoa^) in loatlior HofttUKU’H, 
222 . 

AnalyH(HH of Hulphundthul oiln, 174»170. 
Animal Jind V4ig(itabl{5 oiln, Hurfaoo 
tcniHion of, 140. 

Animal fatn, 47. 

Animal fain and oHh in lubdoantH, H. 
Antaoid bootdoatluu' varniHli, 2L0. 
Anthranemo oiln, 71. 

Anti»fri(dion gixuiHOH, 111. 

Araohidio acid, formula, mtdting 
point, and origin of, 14. 

AraoliiH oil, 02, 

Anphalt lao in blacking, 210. 

AHpbaltic. I’OHiduo in ro.sin, 70. 
Anphaltum axb< groano, 110. 
AnphaUium in l)lac.k vartiirthoH, H I. 
Anphaltum in biatlmr Hoftomu'H, 222. 
Anphaltum in loathor vannHh,2I5,210. 
AHpbaltum, Hpoolfio gravity of, HO. 
AKpiialtum varninh, 210. 

AuHtraham, fipoc/itio gravity, ott*., of, 

00 . 

Autumn groaHu, 107, 

Axlo gre^astr.. 

Anphaltiim, 110. 

(Jaoutcdiouc., U7. 

Muglinh pattmt, 105. 

(Irapbito, 120. 

(.^)ui(d<-running, 112, UM. 

It OH in oil, 100. 

Axle) gnumoH, 08, 00, 100, 101, 102, lOO, 
100, III, 112, 1 15, lOL 


Axlo gnuiHCiH for dllforcnt HcaHonn, 10(5, 
107, lOH, 100. 

Axlo gnuiHtm for Inuivy vvaggoiiH, lOO. 
Axhi gr(uiK(^H, lanolin, 141. 

AxIoh, (jui(d<-running, groaHCfH for, 112, 
118, 120. 

Ikuudmut oil as lubricuint, 82. 

Ikdmnlo ac.id, formubi, molting poijit, 
and origin of, 14. 

Bolgiati blacdving, 212. 

Holgian tjart groasti, 185. 

Ilolgian palm oil groaHcw, lOO. 

Ibdting groaHo, 181. 

Ikdting grtsiHO, Scdiiiokart’H, 188. 

Ikdt variuHli, 217. 

Ikmi^mo H(n'i(^H of liydrooarlionM, 01. 
Ikm/dno, 57, 58, 50* 00, 01, 70. 

Ikm/dno, Ikirma ('xportH of, 57. 
Ilon/.liH', hoavy, Hptu-.iOc, gravity, otc., 
of, 00. 

Ikm/dno, light, Hpoc.itio gravity, ottn, 
of, 00. 

Ikuj/.ino, Hpocdlic. gravity, otc?., of, 
08. 

H<mi<ol for ('.loaning mac.himu’y, 104. 
ikm/ol for ('.loaning rags, (dio., 105, 
Ibmzol for ndlning bono oil, 151. 
Hon/ol in Iciatlnu' varniHb, 210, 

Horlin bla(d<ing, 200. 

Iksrlin bluo in loathor varniHli, 218, 
Hituimm, 55. 

Ilbudi, boms pnjparation of, 208, 204. 
Black dogran, 220. 

Black, h’raiikfort, prtiparatlon of, 205, 
Black, ivory, prt^paring, 204. 

Black load in liibric.antH, HO. 

Blac.k loatlun* varnish, 215, 210. 

Bla(di polinli in Hti(d<H, 208, 

Blac.k varninh for boltH, 217. 

Blacking, 20()-2L4. 

Bla(d<ing— 

AKi)lialt lac. in, 210. 

Ikdgian, 212. 

Borlin, 200. 

Bono ash in, 212. 

Bon(i blac.k in, 207, 208, 200, 210, 
212, 218, 214. 

(laontc.honc. in, 200. 
b\n‘roc.yanid(s 214. 

Binli oil in, 207, 210, 211, 212, 214. 
(lallnutH in, 208, 200, 218. 

Ohm, 200. 

Olyc.urin, 218, 

Olyc.orin in, 200, 207, 218. 

Orocm vitriol in, 208, 200, 214. 

Oiim in, 211, 218, 214. 

Out tap ore. ha in, 211. 

11 an ovarian, 200. 

Indlgo-c.armino in, 212, 

Indigo in, 212, 214, 

Iron, 211. 
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Blacking {cant .)— 

Lampblack in, 210, 211, 212. 

Lard in, 212. 

Lignite, 211. 

Linseed oil in, 209. 

Liquid, 21S. 

Logwood extract in, 200, 213. 
Lowy’s, 213. 

Lyons, 208. 

Nitric acid in, 214. 

Olive oil in, 211, 213. 

Paris blue in, 214. 

Potash in, 210. 

Potassium chromate in, 209. 
Potassium ferrocyanide in, 214. 
Potatoes in, 212. 

Prussian blue in, 210, 212. 

Shellac in, 214. 

Soap in, 208. 

Soda in, 207, 210. 

Spermaceti in, 210. 

Spirit in, 214. 

Starch in, 208. 

Sugar in, 210, 213, 214. 

Sulphuric acid in, 207, 209, 210, 212, 
213, 214, 

Syrup in, 207-214. 

Tallow in, 208. 

Tan in, 20D, 214. 

Tauuin in, 214. 

Turpentine oil in, 208, 210. 

Vienna oil, 207. 

Vinegar in, 213. 

Water in, 207, 208, 209, 210, 211, 
213, 214. 

Waterproof caoutchouc, 209. 

Wax in, 208, 210. 

Bleaching oil, 149. 

Bleaching powder for refining oil, 152, 
153. 

Blown oils, 50, 51. 

Blue patent grease, 136. 

Blue varnish, flexible, 217. 

Boleg’s patent for preparation of 
mineral, rosin, and tar oils soluble 
in water, 171-173. 

Bone ash in blacking, 212. 

Bone black, 36, 101. 

Bone black in blacking, 207, 208, 209, 
210, 212, 213, 214. 

Bone black in leather softeners, 224. 
Bone black in leather varnish, 216,219. 
Bone black, preparation of, 203, 204. 
Bone fat, 18, 35. 36, 37, 38. 

Bone fat, bleaching, 36, 37. 

Bone fat greases, 101. 

Bone Jat, nitro-liydrochloric acid 
method of refining, 36. ’ 

Bone fat, preparation of, 35, 3G, 37, 38. 
Bone fat, purifying, 36. 

Bone fat, specific gravity and melting 
point of, 38. 


Bone oil, 36, 44. 

Bone oil as a liibi-icant, 36, 150. 

Bone oil, refining, 150-151. 

BonCvS, fat from, digester for extracting, 
18. 

Bones, recovery of fat from, 36. 

Booth’s patent grease, 101. 

Boots, wading, grease for, 223. 

Boot uppers, soap grease for, 221. 

Brassidic acid, formula, molting point, 
and origin of, 14. 

Butyric acid, 146. 

Butyric acid, formula, molting point, 
and origin of, 14. 

Caoutchouc, 83, 153. 

Caoutchouc adhesion grease, 117. 

Caoutchouc and fat grease, 117. 

Caoutchouc and guttapercha grease, 
117. 

Oaoutcliouc axle grease, 117. 

Caoutchouc blacking, waterproof, 209. 

Caoutchouc, varnish, elastic, 218. 

Caoutchouc grease, American, 110. 

Caoutchouc grease, Doiilon’s, 116. 

Caoutchouc grease for driving belts, 
135. 

Caoutchouc grease for U^atlior, 224. 

Caoutchouc in blacking, 209. 

Caoutchouc in loatlrer softeners, 224. 

Oaoutcliouc in leather varnish, 21.6, 

218, 219. 

Caoutchouc loatlior varnish, 218. 

Caoutchouc lubricants, 116, 117, 118, 
153. 

Caoutchouc machine grease, 116. 

Caoutchouc repairing varnish, 219. 

Caoutchouc varnish, 218. 

Caoutchouc varnish for rubber shoes, 

219. 

Oapric acid, formula, melting point, 
and origin of, 14. 

Gaproic acid, formula, melting point, 
and origin of, 14. 

Caprylic acid, formula, molting point, 
and origin of, 14. 

Caps, grease, 187, 18H. 

Carbolic acid in leather softeners, 223. 

Carbolic oils, 71. 

Carbon bisulphide, 18, 20. 

Carbon disulphide in loa'thcr varnish, 
216. 

Carbon disulphide in lubricating oil, 
153. 

Cart greases, 109, 121. 

Castor oil, 13, 47, 49, 50, 52, 165. 

Castor oil, and blown oil, compari¬ 
son of analytical figures for (Low- 
kowitsch), 50. 

Castor oil, examination of products ob¬ 
tained by blowing (Proctor and 
Holmes), 50. 








Kroasc, 138. 

‘opoyties of, 47. 

gravity of, 47. 

yl phonated, as emulsifying 

0 (). 


*'>, 13 . 

refilling oils, 28. 


t'-onvorsion of soda crystals 


1'ofi.uiug oils with, 27, 28. 
formula, melting point, 
11 of, 14. 

grease, 114. 

I'icants, 7. 

formula, melting point, 
11 of, 1C. 

:1, 146. 

'll filter press for, 22. 

settling tank for, 21. 
oils, 149-153. 
f constituents of (Lunge), 

position of, G7. 
dlation of, 70, 71. 
oases, 187. 

71. 

ific gravity, etc., of, 67. 
70, 71. 
ase, 134. 

127-129. 
so, 121. 

I lubricant, 120. 
ubricating oil, 137. 

;5, 188, 141. 

leather softeners, 222. 

jtor for greases, 135, 136, 


f? Hape oil. 

K, 173. 

, 137. 

, blown, table showing 

cleaning, 195, 196. 
stoidng, 19G. 

n, 

ions, 174. 

2, 173. 

leant tester, Bailey’s 
tent, 191, 192. 

L42, 143, 144, 145. 
motor, recipes for, 153, 


preparation of, 142. 
ipecific gravities, etc., of, 

B. 

team engines, deposits 
jr in, 145. 

ling point, etc., of, 63. 

acture of, 226-229. 
ying for, 226, 227. 


Digester for extracting fat from bones, 
18. 

Doeglic acid, formula, melting point, 
and origin of, 14. 

Dolphin oil, specific gravity of, 41. 
Doulon’s caoutchouc grease, 116. 
Driving belt grease, 184,135. 

Drying oils, 10, 49. 

Earthnut oil, specific gravity of, 46. 
EUeomargaric acid, formula, melting 
point, and origin of, 15. 

Elastic caoutchouc varnish, 218. 
Elastic leather varnish, 217, 218. 

Elemi in leather varnish, 217. 
Emulsifiable oils, soluble in water, 
171, 172, 173. 

Emulsifying agents, sodium salts of 
the acids as, 155. 

Emulsion lubricants, 95, 155-176. 
Emulsions, cutting, 174. 

Emulsions, mineral oil, formation of, 
176. 

Emulsions, use of, 104. 

Engine cylinder, “Kirkham” patent 
lubricator, 188, 184, 185. 

Engine, gas, lubricating oil for, 152. 
Erucic acid, formula, melting p>oint, 
and origin of, 14. 

Fat and caoutchouc grease, 117. 

Pat aud rosin oil lubricants, 130. 

Pat from bones, digester for extract¬ 
ing, 18. 

Pat, recovery of, from bones, 36. 

Pat rendering pan, fire-heated, 16. 

Pat solvents, volatile, 18. 

Fat, waste, degras from, 229. 

Pats and oils, animal, as lubricants, 
8-10. 

Pats and oils, composition of, 11, 12. 
Pats and oils, preparation of, 17. 

Pats and oils, properties of, 33. 

Pats and oils, purification of, 20, 21, 
22, 35. 

Pats and oils, sterols in, 16. 

Fats and oils, vegetable, as lubricants, 
8 - 10 . 

Fats and soda solution, mixture of, 106. 
Pats aud waxes, alcohols in, 15. 

Pats as lubricants, 7-10, 11. 

Pats, hone, 18, 35, 3G, 37, 38. 

Pats, hone, bleaching of, 36, 37. 

Fats, bone, nitro-hydrochlorio acid 
method of refining, 36. 

Fats, bone, preparation of, 35-38. 

Pats— 

Gambier, 137. 

Hog, 35,. 44. 

Horse, 39, 108,113. 

Jacketed mixer for melting, 99. 
Liquid, 9, 10, 103, 106. 
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Fats (cont .)— 

Liquid, as lubricants, 40. 

Neutral, 48. 

Pork, 120. 

Rancidity of, 48. 

Solid, 9, 10, 21, 33. 

Wool, 141, 146. 

Fatty acids, 12, 13, 14, i5, 22, 23, 24, 
38, 40, 48, 50, 104, 126,148. 

Fatty acids and alcohols in fats and 
waxes, 15. 

Fatty acids, effecc of, in reducing fric-! 

tion (table by Archbutt), 148. 

Fatty acids, glycerides of, 12,13. 

Fatty acids in palm oil, 40. 

Fatty acids in redued oils, 24. 

Fatty acids versus neutral oils in re¬ 
ducing friction, 148. 

Fatty acids, volatile, 50. 

Fatty lubricants, 7-11. 

Fatty oil for clocks, 150. 

Fatty oils, 52, 126. 

Fatty oils, surface tension of, 147. 
Ferrocyanide blacking, 214. 

Filter press for clarifying oils, 22. 

Fish oil, 135, 211. 

Fish oil in blacking, 207,210, 211, 212, 
214. 

Fisli oil in leather softeners, 221-224. 
Fish oil, making ddgras from, 227, 228. 
Fish oils, blown, table showing re¬ 
sults, 51. 

Flexible blue varnish, 217. 

Flexible oil can, 179, 180. 

Fluidity of lubricants, 6. 

Fluidity of oils, measurement of, 143. 
Fractional distillation of mineral oil, 

64 =. 65 . . 

Fractionation of petroleum oils, 63. 
Frankfort black, preparation of, 205. 
French palm oil greases, 109. 

French tallow grease, 102. 

Frictional resistance and lubrication, 
2-5, 11. 

Fuel oil, 54, 58, 59. 

Fuel oils from Russian petroleum, 67. 
Fuel oils, specific gravity, etc., of, 67. 

Gadoleic acid, formula, melting point, 
and origin of, 14. 

Galluuts in blacking, 208, 209, 213. 
Gallnuts in leather varnish, 216. 
Gambler fat, 137. 

Gas oil, 57, 58, 77. 

Gas oil, specific gravity, etc., of, 66. 
Gas oils, U.S.A. exports, 54. 

Gasolene, specific gravity, etc., of, 63. 
Globe oil, 140. 

Glossy varnishes, 215, 219. 

Glossy waterproof grease, 222. 

Glue, 36, 101, 116,117. 

Glue blacking, 209. 


Glycerides of fatty acids, 12. 

Glycerin blacking, 213. 

Glycerin in blacking, 206, 207, 213. 
Glycerin in leather softeners, 221,223. 
Glycerine, 12, 13, 16, 41, 137. 

Glycerol, formula, melting point, and 
origin of, 15. 

Goudron from Russian petroleum, 67. 
Goudron, specific gravity, etc., of, 67. 
Graphite, 110. 

Graphite, Acbeson, analysis of, 91, 92. 
Graifiiite, artificial, 90. 

Graphite as a lubricant, 89. 

Graphite axle grease, 120. 

Graphite, defloccnlating agent in, 91, 
92, 93. 

Graphite in lubricants, 8, 9. 

Graphite lubricant, Drechsler’s, 138. 
Graphite mixture, aqueous, 91. 

Grease and oil, removing thickened, 
193, 194. 

Grease, Booth’s patent, 101. 

Grease boxes, 178, 179. 

Grease caps, 187,188. 

Grease for fine machinery, 103, 133. 
Grease for wading boots, 223. 

Grease for wooden machinery, 110. 
Grease, spring, 98. 

Grease, spring and autumn, 107. 

Grease, summer, 98, 101, 107, 132. 
Grease, winter, 98, 101, 107. 

Greaser for large shafts, 185, 186. 
Greaser, Reisart spi’ing, IBo, 186. 
Greases — 

American caoutchouc, 116. 

American machine, 187. 

American palm oil, 109. 

Anti-friction, 111. 

Asphaltum axle, 119. 

Autumn, 107. 

Axle, 98, 99, 100, 101, 102, 103, 106. 

Ill, 115, 117, 131, 133, 141. 

Axle, English patent, 135. 

Axle, for heavy waggons, 109. 

Axle, graphite, 120. 

Axle, quick-running, 112, 113, 120, 
129, 134. 

Axle, rosin oil, 130. 

Belgian cart, 135. 

Belgian palm oil, 109. 

Belting, 134. 

Belting, Schuckart’s, 138. 

Blue patent, 136. 

Bone fat, 101. 

Caoutchouc, 116, 117, 135, 224. 

Cart, 109, 121. 

Castor oil, 102. 

Chardon’s, 114. 

Coconut oil in, 140. 

Cog-wheel, 134. 

Colophony in, 138. 

Colouring matter for, 135, 136, 141, 
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Greases {amt .)— 

Doulon’s, 116. 

Driving-belt, 134, 135. 

Fat and caoutcliouc, 117. 

French palm oil, 109. 

French tallow, 102. 

Glossy waterproof, 222. 

Glue in, 116, 117. 

Graphite, 110, 120. 

Graphite in, 89. 

Harness, 222. 

Horse fat, 113. 

Lanolin, 141. 

Lead oleate, 112, 113. 

Lime in, 96, 131, 132, 135, 140. 
Linseed oil in, 140. 

Litharge in, 117. 

Lye in, 114, 115. 

Machine, 97, 120, 137. 

Magnesia, 140. 

Mineral, 140. 

Mineral oil in, 140. 

Naphthalene, 119. 

Neatsfoot oil, 111. 

Olive oil in, 116. 

Ozokerite oil in, 140. 

Palm oil, 103, 104,106,107,109,110, 

120 . 

Palm oil in, 121. 

Palm oil, yellow, lOS. 

Paraffin in, 83. 

Paraffin oil, 132, 135, 

Petroleum jelly, 224. 

Piston-rod, 134. 

Pitch in, 119, 138. 

Rape oil, 107, 108, 109, 119. 

Rape oil in, 116, 117, 118, 140. 
Resin, 223. 

Rope, 138. 

Rosin, 80, 120, 132. 

Rosin oil in, 122, 123, 140. 
Schuckart’s, 138. 

Soap, 108, 114, 221. 

Soap and petroleum jolly, 141. 

Soap and tallow, 115. 

Soap in, 87, 88, 

Soapstone in, 135. 

Soda, 102, 104, 106, 107, 108. 

Soda in, 116, 117. 

Soda crystals, 107, 108, 109. 

Solid, 137. 

Sperm oil, 107. 

Spring, 107. 

Spring and autumn, 102. 

Summer, 102, 107, 113. 

Talc in, 93, 94. 

Tallow, 102, 107, 110, 117, 141. 
Tallow and neatsfoot oil, 102. 

Tallow and train oil, 99, 100. 

Tar oil in, 135. 

Train oil, 107, 110, 113. 

Train oil in, 136. 


Greases {cont .)— 

Vaseline, olein, 120,121. 

Waggon, 121, 122. 

Waterproof leather, 222. 

Wheel, 122. 

White patent, 136. 

Winter, 102, 107, 132. 

Wool, 146. 

Greasy rags, storing, 196. 

Greaves, 18, 34. 

Green vitriol in blacking, 208, 209, 214. 
Green vitriol in d6gras making, 229. 
Ground-nut oil as lubricant, 32. 
Guaiacum, 137. 

Gum in blacking, 211, 213, 214. 
Guttapercha, 84. 

Guttapercha and caoutchouc grease, 
117. 

Guttapercha polish, 211. 

Hanoverian blacking, 203. 

Harness grease, 222. 

Harness varnish, 216. 

Hazelnut oil, specific gravity of, 46. 
Hog fat, 44. 

Hog fat, specific gravity, etc., of, 35. 
Horse fat, 38, 108, 113. 

Horse fat, melting point and specific 
gravity of, 39. 

Hydro :arbon oils, 52, 53. 

Hydrocarbon oils as lubricants, 8. 
Hydrocarbons in shark oils, 17. 
Hydrocarbons of the benzene series, 61. 
Hypogoeic acid, formula, melting 
point, and origin of, 14. 

Illuminating oil, 57, 58, 59. 
Illuminating oils from Russian petro¬ 
leum, 66. 

Indiarubber, 83-84. 

Indigo blacking, 212. 

Infusorial earth, 141. 

Iron blacking, 214. 

Isocholesterol, formula, melting point, 
and origin of, 16. 

Isocetic acid, formula, melting point, 
and origin of, 14. 

Isolinolenic acid, formula, melting 
point, and origin of, 15. 

Ivory blank, preparing, 204. 

Jecoleic acid, formula, melting point, 
and origin of, 14. 

Kerosene, 55, 59, 61. 

Kerosene, specific gravity, etc., of, 63, 66. 

Lamp black in blacking, 210-212. 

Lamp black in leather softeners, 222, 
224, 225. 

Lamp black in leather varnish, 216. 

217 , 220 . 
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IianoUu axils Kr<uiK(i, 141. 

Lanolin lubricant., ML 
liard in blackin^f, 212. 

Tiard in lisaUnsr Hoftiisncrs, 222, 224. 
Lavd oil, Hiuscific. f^nivH.y nf, 41. 
liauric. acid, fornnila, ni(sl!,iug point., 
atid oi’if^dn of, 14, 

Tiavisndisr oil in lisal-lun* varnish, 21(1. 
Lisad aciiULis, t)G, Ml, 112, 117. 

Lcsad olisa.Us, 112, .1IH. 

Tjtsad oksaks axio grcasis, 112. 

Load Hoa]) lubrioantis. 111, 112, 112. 

I ioalhor, grcsasisd, gloss for, 222. 

Loalilior Hoft.onors— 

Alcohol in, 222. 

Anunonia soap in, 222, 

Asphalluni in, 222. 

Iloius black in, 224. 

(iaoutchoiu*. in, 224. 

Carbolic, ac,id in, 222. 

Colophony in, 222. 

Fish oil iii, 221-224. 

(Hycoriii in, 221, 222. 

Harnoss, 222. 

Lamp blaisk in, 222, 224, 22b. 

Lard in, 22H, 224. 

Linsood oil in, 222, 222. 

Nigrosino in, 22.4. 

Ok sic, aisid in, 222. 

Olivis oil in, 222. 

I*Gi.rc)l(sum jolly, 224, 22b. 

PoUsh in, 222. 

PriiHsian bluo in, 22b. 

Ihipis oil in, 222, 224. 

Ikssin in, 222, 224. 

Shisllac in, 222. 

Soap in, 22I-22H. 

Spormacoti in, 222. 

Sksaric acid in, 222. 

Sugar in, 222, 224. 

Sulphuric acid in, 224. 

Tallow in, 221, 224. 

Tannin in, 222, 22M. 

Tnrponlino in, 222. 

Turponlinis oil in, 222, 22H, 224. 
VVaksr in, 222, 222. 

Watisrproof, 222. 

Wax in, 222, 222. 

Loatlusr softiisning prcparalions, 201, 
221, 222, 222, 224, 225. 

Loaiihor siains, paiisni, 211. 

Lcsaihor varnisiiOH, 215-220. 

Loailior varnisluss- - 
Alcoliol in, 21(5, 217. 

Asphallium in, 215, 210. 

Boui^ol in, 210. 

Berlin bluis in, 2iH. 

Black, 21(). 

Black, for bolfcs, 217. 

Black harnoss, 217. 

Bono black in, 21G, 210. 

Caoutchouc in, 21G, 218, 210, 


I (cat.lior vM.rni;ibcf; {ronL} 

Carbon (bsulpliidc in, 21G. 

I'llonii in, 217. 

<lallmihi in, 21G. 
llnrncHs, 210. 

I,amp black in, 210, 217, 220. 

IijiviMsikn* oil in, 210. 

I/insci'd oil in, 21b, 217, 2IH, 220, 
IVlrolistim In, 210, 2IS, 210. 

I*rusHia.n blin' in, 217, 21H. 

Itosiii in, 227 210. 

Sanihirach in, 217. 

Sh(41ac in, 210, 217, 

Syrin) in, 210. 

'PurpcnI.inc oil in, 2Ib, 217, 21S, 210. 

I hnber in, 21b. 

Yiliriol in, 210. 

Water in, 21<>. 

Lighting oil and dis-itillaics, b7. 

I lignitis blacking, 211. 
liijpnti', monian wax from, H,H. 
liignito oils, disitillation of, 70. 

Lignite tar, pi'oducts frmu, 77. 
Lignoccsric. ((’arnatibic) acid, formula, 
melting peint, and origin of, 14. 
Ligroin, speidllc gravity of, 00. 

Iiimi', Ob. 

Limes in greases, 00, L'll, 122, 125, 140. 
Ijimis fioapsg 7H, HO, MH, I2b, 120, 127. 
Linokmic acid, formula, melting poitit, 
and origin of, 1 b. 

Linolic acid, formula, midting point, 
and origin of, lb. 

Lins(*ed oil, 4H, 

Linseed oil in blacking, 200, 

Idnseisd oil in leatbi'i' Hefteners, 222, 

222 . 

Linseed oil uileatber varnish, 215, 217, 

21H, 220. 

lansei'd oil in lubricants, 115, 125. 
Liiiuid blacking, 212. 

I aipiid fats, 0, 40, 100. 
laijuid InbricantH, 125, 
liiguid oils, as lubrimuits, 40. 

Iaquids, cooling, 172. 

I atbargi', 00, 112, 117. 

Litliargis in hdsriisuitfi, MI, M2, MO. 
Litlm-rgc, refining oils with, 20. 
Logwood (sxtract in bbicking, 200, 212. 
Iifsgwood iti leailnsr varnish, 210. 
Lowy’s blaisking, 212. 

Lubrii^ant tisstcr, cylindi'r, Bailey’s 
Boult’s patent, 101, 102. 

I lubricants, 1-200, 

I lubricants; • 

Aliriotid oil, 45. 

Almond oil in. 140, 152. 

Alumina soap in, HO. 

Animal fats and oils in, H. 
Application of, to machinery, 17H- 
IHH. 

Aquadag in, 91, 02, 
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Lubricants (cont .)— 

Asphaltum in, 83, 119. 

Beoclinut oil, 32. 

Black load in, 89. 

Bono fat in, 35, 36, 37, 38, 101. 

Bone oil, 36, 44, 125, 150. 
Oaoutchouo in, 83, 116, 117, 153. 
Castor oil in, 47, 102. 

Chemical, 7. 

Clockmakers’, 149-153. 

Coal oil in, 125. 

Coal tar oil in, 136. 

Cohesion oil as, 127-129. 

Coil’s patent, 138. 

Colouring matter for, 135, 136, 141. 
Colza oil in, 125. 

Cutting, 173. 

Cylinder, 142-145. 

Dolphin oil in, 41. 

Drechsler’s patent, 138. 

Earthnut oil in, 46. 

Fatty, 7-11, 40, 41, 42, 150. 

Glue in, 116, 117. 

Graphite in, 8, 9, 89, 91, 110, 138, 
Ground-nut oil, 32. 

Guttapercha in, 84, 117. 

Hazlenut oil in, 46. 

Hog fat in, 35. 

Horse fat in, 108, 113. 

Indiarubber in, 84. 

Lanolin, 141. 

Lard oil in, 44. 

Lead soap. 111, 112. 

Lime in, 95. 

Lime soap in, 88. 

Linseed oil in, 115, 116, 134, 141. 
Litharge in, 96, 99, 111, 112, 113, 
117, 119, 134, 135. 

Magnesia soaps in, '89. 

Mineral, 7, 139. 

Mineral oil, 136, 139-141. 
Naphthalene, 119. 

Neatsfoot oil in. 42, 111, 125, 128. 
Oildag in, 91-93. 

Olein-vaseline, 120. 

Olive oil in, 8, 31, 32, 46, 47, 48, 115, 
125, 137, 149, 150, 153. 

Ozokerite in, 125, 134. 

Palm oil,39,97,101,102,103,101,105, 
106,107,108,109,110,120,121,128. 
Paraffin in, 83. 

Paraffin oil in, 132, 134, 135, 137. 
Paravaseline, 140, 141. 

Petroleum, 53, 54, 55, 56, 57, 58, 59, 
60-66, 119, 125, 137, 153.' 
Petroleum jelly, 141. 

Pitch, black, in, 119. 

Pork fat in, 102, 111, 112, 120. 
Porpoise oil in, 41. 

Potash soaps in, 8G, 87. 

Purifying waste, 196, 197. 

Quicklime in, 141. 


Lubricants (c(mL )— 

Rape oil in, 45, 101, 102, 107, 108, 
109, 111, 112, 116, 117, IIH, 119, 
125, 128, 129, 130, 132, 134, 137, 
141, 149, 152, 153. 

Rosin in, 77, 78, 115, 120. 

Rosin oil, 78, 79, 80, 81, 82, 96, 120, 
121, 122, 123, 125, 128, 129, 130, 
131, 135, 136, 137. 

Sesamum oil, 82. 

Soap and mineral oil, 136. 

Soap in, 8, 9, 78, 85, 86, 87, 88, 89, 
104, 108, 114, 134. 

Soap solutions in, 125. 

Soapstone in, 135. 

Soda crystals in, 102, 107, 108, 109. 

Soda in, 94, 95, 101, 102, 104, 106, 
107, 116, 117. 

Soda lye in, 110. 

Soda soaps in, 84. 

Solar oil, 130. 

Solar oil in, 125. 

Solid, various, 80, 97-110, 119-124. 

Sperm oil in, 40, 107, 125. 

Steatite in, 8, 9. 

Sulphur in, 94, 101. 

Talc in, 93, 94, 134. 

Tallow in, 97, 98, 99, 101, 102, 107, 
110,115, 117, 120, 128, 129, 130, 
135, 138, 141. 

Tallow oil in, 44. 

Tar oil in, 135. 

Thick oil, 130. 

Train oil in, 42, 99, 101, 102, 103, 
107, 108, 110, 113, 116, 117, 125, 
128, 130, 130, 138. 

Treated oils as, 8. 

Turpentine oil in, 116, 117. 

Use of, 199, 200. 

Vegetable fata and oils as, 8-10. 

Water in, 101, 102, 101, 105, 106, 
107, 108, 109, 111, 112, 114, 115, 
116, 117, 119, 132, 134, 153. 

Whale oil in, 41. 

Winter, 130. 

Lubricants, classification of, 6, 7. 

Lubricants, emulsion, 95, 97, 155,156, 
157, 153, 159, 160, 161, 162, 163, 
164, 165, 166, 167, 168, 169, 170, 
171, 172, 173, 174, 175, 176. 

Lubricants, oasontial properties of, 5. 

Lubricants, fluidity and consumption 
of, 6, 7. 

Lubricants, greasers for thick or but¬ 
tery, 185, 186, 188. 

Lubricants, influence of tomporaturo 
on, 11. 

Lubricants, liquid, 33, 125. 

Lubricants, liquid fats in, 40. 

Lubricants, liquid, from rosin oil, 80. 

Lubricants, mineral substances in, 9, 
89. 
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InibricantH, non-dryoil, H2. 

LuhnoaiitiH, oilH trcuUod by alkali pro- 
CG8S for UHO as, 28. 

IjubricjantiH, i)ro|)orlios of, 5. 

XnibncantH, Hptuiial, UM. 

Lubricants, Hubstancos used in i)rt'- 
paration of, H-0(>. 

Lubricants, suitability of, for dilTorcnt 
inac.hinoH, 5, 10, 11, 4H, 40. 

Ijiibricating grapbitcK, Huppli(^(l by 
Grapliito XbroductH, Ltd., analysers 
of, 00. 

Ijiibrioating greases, 71. 

Lubricating machinory, 17H-1H8. 

Lubricaiing oil, mineral, 128. 

Lubricating oils, blown oils used in 
compounding, 51. 

Lubricating oils, compoimd (WcIIh 
and Soutlicombo), 140. 

Lubricating oils, cylinder, 142. 

Lubricating oils, fatty acids in, 14(>. 

Lubricating oils from Russian pe¬ 
troleum, ()(), 07. 

Lubricating oils from shale, Hash 
point of, 75. 

Ijubri(!ating oils, heavy ininoval, tabb; 
giving density, llasli point, etc.., 
of, 144. 

Lubricating oils i!J gcruu’al, 125-120. 

laibricating oils, mineral, 180-141. 

ljubrieating oils, substitutes for, 177. 

Lubricating oils, testing, 1H0-1‘.)2. 

liubricating penvdor, Drochsler’s 

grapliito, 1.88. 

Lubric.ation, frictional resistance' and, 
2-5. 

Tiubricatiou, “ Germ proc.ess ” of 

(Wells and Southcombe), 140-148. 

Ijubrication, marine, 14(5. 

Lubricator, “Kirkbam” patent (VaL 
voline Oil Go.), 188, 1H4, 185. 

Tiubricator, patent automatic. (O’riiir 
Bros. Ltd.), 185, IHO, 188. 

I.ye soda, 100, 110, 141, 104. 

Lyo in groasoH, 114, 115, 185. 

Ijye used in neutralisation, 1(58. 

Ijyons blac.king, 208. 

Machine grease, caoutchouc, 110. 

Miachine grease, rosin, 120. 

Machine greases, 07. 

Maehine oil, specific gravity, oU^., of, 
(5(5. 

Machine oils and greases, Am(!ric.an, 

187. 

Maebino tools, soluble oils for, 1(55. 

Machinery, application of lubricants to, 
178-188. 

Machinery, cleaning, 108, l!)4'. 

Machinery, fine grease for, 102, 108, 

188. 

Machinery, flue, oil for, 42, 4-8, 152. 


M.a.chinery, stdccipion of Inbrif^ant.!; for, 

lOi), 200. 

Maidiiiu'ry, wootbui, gnun-K* for, 110, 

MachiiK'H, sewing, luioutcliouc lubric¬ 
ant for, 158. 

Ma.c.hin<‘S, sewing, ek'aniiig, 104. 

^Iacbin<^M, sewing, mineral oil for, 1.58, 

MacbiiH'.s, H('wing, t»ilH for, 140, 150, I5I, 
1.52, 1.58. 

Ma.gnc.sia, 140. 

Magn(\sia soaps, 80. 

Miiau'al oil and Koa.p lubricants, 1.8(5, 

Melissic acid, formula, melting point, 
and origin of, 14. 

Meteor, Kpcu'.itic, gravity, (4.c., of, (5(1. 

Mica, 04. 

MiiK'.ral lubricants, 7. 

Miiuu’al lubricating oils, 180 141. 

Min<n*al lubricating oils, hea.vy, 1 14. 

Mineral oil emulsions, formation of, 
17(5. 

Mineral oil forelocks, 152. 

Mimn’al oil for sewing machines, 158. 

Mineral oil, fractional distillation of, 
from va.ri()us souret'S, (54 , (55. 

Miiuu-al oils, 40, .50, .52, .57, HO, 152, 
158, 15o, 1(5(5, 1(57, l(5M. 

MiiK'ra.! oils for lubriea.(iiiig a.n(l other 
jui rpnsi'H, 172. 

Mineral oils in lubricants, 125. 

MiiK'ral oils soliibh^ in watm*, Holeg’s 
patiait for pri'paration of, 171«178. 

Mima’a-l oils, solulde with olein bn,sis, 
reei[H'Sof, 1(50, 170. 

Mineral oils, surfaei^ tension of, 14(5- 
117. 

Mineral substanees in lubricants, H, 0, 
HO, 

Motor eylimbu*oils, U'cipi's for, 158, 154, 

Mucilage in oils, 125, 12(5. 

Mustard secsl oil, 45, 

Myristie acid, fo-nmila, UK'ltiug point, 
ami origin of, 14. 

Naplitba, 55, .5(5, (51. 

Naphtha, spindlle grn,vity, (^tc., of, (58. 

Naphtha, U.S.A., ('Xports, .54, 

NfapbtbaltMU' grease, 110. 

Na.phtb<'n(w, (50, (51. 

Naplitinaiic; a,r’id, 14(5. 

Neatsfoot oil, 8(5, 128. 

Ni^atsfoot oil as lubrii'ants for that 
macdiinery, 42. 

Neatsfoot oil, prepanition, (ste,., 42-44. 

Ni^atsfoot oil, Hpeeille. gravity of, 42. 

Neutral oils, 155. 

Nigrosine in leather Hofksus'H, 2.:8. 

Nitric acid in blaidving, 214. 

Nitro-bydrochlorie. acid mi'tliod of re- 
dun ig bone fat, 8(5, 87. 

Non-drying oils, 10, 82. 

Nut oil, 40. 
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Oil and grease, removing thickened, 
193, 194. 

Oil, Broxburn crude shale, 75. 

Oil can, aerostatic, 180, 181. 

Oil can, flexible, 179, 180. 

Oil, crude shale, products from, 75. 

Oil, crude shale (Young’s), 7G. 

Oil cups, 181, 182, 183, 186. 

Oil emulsions, mineral, formation of, 
17C. 

Oil fields, petroleum, 56. 

Oil filter, Turner’s patent (Valvoline 
Oil Go.), 197, 198. 

Oil for lubricating gas engine, 152. 

Oil of turpentine in blacking, 208, 210. 
Oil of turpentine in lubricants, 116, 
117. 

Oil, original, and blown oil, com¬ 
parison of analytical figures for the 
(Lewkowitsch), 50. 

Oil rags, cleaning, 195, 196. 

Oil rags, storing, 196. 

Oil refineries in Baku, 56. 

Oil refineries in Japan, 59. 

Oil refineries in U.S.A., 55. 

Oil seeds, hydraulic press for, 19. 

Oil tester, Bailey’s Thurston’s patent, 
189, 190. 

Oil testing machine, 190. 

Oil wells, petroleum, 53, 54, 5‘>, 56, 57. 
Oiler, patent snapdrop, “ Kirkham,” 
183. 

Oils— 

Almond, 8, 45, 149, 158. 

Anthracene, 71. 

Beechnut, 32, 

Bone, B, 36, 44, 125, 150, 151. 
Carbolic, 71. 

Castor, 8, 47, 49, 50, 52, 158, 159, 
161, 162, 165. 

Glockmakers’, 149-158. 

Goal, 125. 

Coal-tar, 8, 71, 136. 

Coconut, 33, 140. 

Cohesion, 127, 128, 129. 

Cottonseed, 137. 

Creosote, 71. 

Cutting, 52, 173. 

Cylinder, 142, 143, 144, 145. 

Dolphin, 8, 41. 

Drying, 10, 49. 

Eagle, 140. 

Earthnut, 8, 46. 

Fish, 135, 207, 210, 211, 212, 211, 
227, 28. 

Globe, 140. 

Ground-nut, 32. 

Guaiacum, 137- 
Hazelnut, 8, 46. 

Hydrocarbon, 8, 52, 58. 

Illuminating, 57, 58, 59. 

' Lard, 8, 44. 


I Oils (cont .)— 

' Lignite, 8, 76. 

Lignite tar, 76, 77. 

Linseed, 48, 115, 134, 135, 140, 141, 
222, 223. 

Liquid, 40. 

Mineral, 49, 50, 52, 57,125, 139, 140, 
141, 152, 153, 155, 1G6, 167, 168. 
Mucilage in, 125-126. 

Mustard seed, 8, 45. 

Neatsfoot, 8, 36, 42, 111, 125, 128. 
Neutral, 59. 

Non-drying, 10, 32. 

Non-emulsifiable, 146. 

Nut, 49. 

Olive, 8, 31, 32, 46, 47, 48, 115, 125, 
137, 149, 150, 153, 156, 165, 211, 
213, 222. 

Ozokerite, 140. 

Palm, 7, 8, 13, 33, 39, 40, 101, 109, 
110, 120, 121, 128. 

Paraffin, 63, 132, 134, 135, 137. 
Petroleum, 8, 53, 54, 55, 66, 57, 58, 
59, 60, 61, 62, 63, 123, 125, 153, 
167. 

Phoenix, 140. 

Porpoise, 8, 41. 

Rape, 8, 45, 48, 101, 103, 107, 108, 
109, 116, 117, 118, 119, 125, 128, 
129, 130, 132, 137, 140, 141, 146, 

149, 152, 153. 

Refining, 23-32, 63, 125, 126, 149, 

150, 151, 152. 

Rosin, 7, 8, 78, 79, 80, 81, 82, 125, 
128, 129, 130, 131, 135, 136, 137, 
140, 167. 

Screwing, 52. 

Sesamum, 32 

Shale, 8, 53, 71, 72, 73, 74, 75, 76. 
Solar, 77, 125, 130. 

Soluble, 156-173. 

Sperm, 8, 40, 125. 

Sulphonated, 8, 52, 156, 161, 164. 
Summer, 129. 

Tallow, 8, 33.44, 112. 

Tar, 7, 51, 135. 

Tar-grease, 122. 

Train, 40, 42, 107, 108, 110, 113, 
116, 117, 125, 128, 130, 136, 138. 
Turbine, 137. 

Turkey red, 156, 159, 162,163. 
Turpentine, 116, 117, 121, 130, 134, 
135, 215, 217, 218, 219, 222, 223, 
224. 

Vegetable, 48. 

Volatile, 49, 61, 77, 130, 

Vulcan, 140. 

Whale, 8, 41, 51, 146. 

Winter, 129. 

Oils, American machine, 137. 

Oils, animal, surface tension of, 146, 
147. 
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OilH Jiiid |)r()p(W‘tioK of, 

OilH and fal.H, |)urilif.ii,l.ion of, *J(), dl, 

OilH, c.larifyiiiKt Hllidr f«tt’. li:*.. 

OilH, rdarifying, H('l.t.liiif( l.ank for, t-il. 

OilH, ('(ititiOUHcuMl, blown, (.abbs Hhowinj' 
roHulis, bl. 

OilH, ci’iido Hlia.l(% diHl.illal.ion of, ?/»<. 

OilH, {•fudo nhahs yi(;l(l of, fnun varioun 
pi'odiK'I.H {('onHtu'.r), 7M. 

OilH, c.ylindor liiln‘i<‘at.iiij^^ (U. 

Oils, fn,(,(iy, Hurra(‘(*, Uainiou of, M7. 

OilH, linh* bl(»wn, iabU^ nhowing rc'-HuUn, 
51. 

OilH, liydn>(‘a.rl>(>n, in lubrioanl.s, H. 

OilH, illuininaUng, I'.S.A. oxpoi’t.H of, 
54. 

OilH, lubricMil.ing, blown oiln iinod in 
(‘.oniponnding, 51. 

OilH, lubricatiing, HubstiinU^H for, 177. 

OilH, iniiKH’al, for liibri<nitiingand oUmt 
purpoHOH, 172. 

OilH, ininoral, nolnblo in waUn*, llob^g’n 
paiont for proparafcion of, I7ld7‘b 

OilH, inintu’al, Hurfaco tonnioti of, 115, 
M7. 

OilH, inolior oylnubn*, rcM-ipoH ftjr, 15.'{, 
154. 

Oils, noiitral, vornuH fail.y a-cids, in 
roducing friclion, 14H. 

OilH, non-drying, an Inbricanl-s, .'12. 

OilH, p(d.rolouni, (\xporl.H of (lalioian, 
57. 

Oils, p(d.i’olinnn oxporLs (tf Itoinnanian, 
57. 

OilH, pidirokmin, frac.l.ittim.l.ion of, afl-cn’ 
Hoc.ond (liHl.ilbiliitni, b.'l. 

OilH, potrobunn, pro<luot.ioii of, in 

Oalioia, 57. 

OilH, pntrolauin, prodiic(.i«tJi of, in 

Japan, 57. 

OilH, pofcrobuim, production tjf, in 

lloumania, 57. 

OilH, polymnriHatiion of, 111. 

OilH, ndlning, cauHtic. potanii in, 2H. 

OilH, rcliuiug, Hiilphiirb*. acid proci^nH 
of, 25, 24, 25, 25, 25, 51. 

Oils, rtJining, tannin pr^^c.(^HH of, 2<>, 
27. 

Oils, rcdining, with t’anstic. Hoda, 27, 

2H. 

Oils, rofining, witli lithargo, 50. 

OilH, ndining, ziin* oxitbi inotbod of, 
2‘d, 50. 

OUb, roHin, for lubricating and otlaa* 
purpoHi^H, 172-175. 

OUh, roHiu, Holublo in wabn*, Holog’n 
pafcont for praparatloii of, 171 17:). 

OilH, HCini“drying, blown, tablo hIiow 
ing roHultH, 51. 

OilH, Hhalo, yi(dd of parallin from, H2. 

OilH, Hhark, liydruoarbouH in, 17, 


(Holidi(i«'d, 125, 12.1. 

Oils, solidilicd, ann,l\ .O’, of, by llollcr, 

121 . 

Oils, solubb', and .'itduldti cumpuinuls, 

171. 

Oibi, soluble, Clluiainiug rosin, rociptss 
<.f, 170, IV1. 

Oils, sedubic, bn* machino (ools, 155. 
()ilH, solubhs naddinti <4' preparing, 
5 5 

t )il s, Huhildc luiticral, with oloiu bas's, 
rccip(\s (d , 152, I Vo. 

(HIh, Hoiublc, pa,r(.icu!{i.i';i rtdatiiu' l.n 
(rcprit>t«*d fisuu "(ijl autl ('olotir 
'l’ra<lcH JovirnHl,**(;i5 !5n. 

I oils, nolubb' rosiu, rcispos of, lYo. 
iOils, soluble, two fonuuia> lor, I5H. 
Oils, Holubb', with .sul{>iit>loa,to basis, 
rcudptw of, IVO. 

oils, Hoivtsit pi’oci'i-s of cHtrnrting, 
from Hissis, IH, IP, 20 . 
oils, Hulpbouattsl, aualys(^s of, 174 175. 
Oils, tar, scdubla in watiir, Ibdcfda 
! p<i,tcnt for )»rcparatiou of, 171 17.5. 
Oils, tns', soluble in wjrter, ma's of, 
17.5. 

Oils, tnarbsl, a i lubriisuit i, .s, 42. 

()ils l.reatisl by adkadi profsvss b»r use 
as lubriisuit.s, 2.5. 

Oils, vas'ious, Molubb< in wader and 
easily »suu la liable, 171 ■■ 17.5, 

Oils, ve'Je|,a,l)le, exI.rH.c|,ion of, 15, 

Oils, vegeta.bb', surfn,«s< ttmsion of, 
145147. 

Obditu's, 50, (*d. 

Obdc n,ebl, 15, 52, 112, 115, 157, 155., 
157, IliH, 

oleie as'id, formula, uudtiug point, 
n,nd origin of, l b 

Obde a(dd in leaf lun* Hoftcuers, 22'b 
nieiu, 1.5, 157. 

< Hein dt-griua 22.5, 2.22. 

Olidin in ueatHbiot «ul, 42. 

<)bdu«u 112, 15.S. 

()livi' oil in bl ndving, 211, 215. 

OlivcMul in bnidber unfimirr i, 222. 

Olivia ml in lubricant i, h, ;ii, 52, 15, 
47, IS, 115, 125, blV, 112, loO, 155, 
Olive oil, speeilie graaily of, 47. 
t )’/.okt54tt\ 55, 1 ’’,5, 151, 111. 

< l/,olv(*rit(^ oil, 140. 

t )/,ok(!ritt^ parallin, specibc gra\ ity td', 
H.5. 

Palinitie atdd, formula., midting point, 
and origin rd, M. 

Pabnitin in ueatHfoot oil, 12. 

Palm oil, 7, H, b5, lot, loV, 102, PtS. 
Palm oil and aotla gnsrsc, 101, pHb 
Ibidm «>il bbawdiing, 52. 

Palm oil I’xtraetion, 52. 

I2alm oil grease s, 105, lo'.b 
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Palm oil in lubricants, 97, 103, 110, 

120 , 121 . 

Palm oil in manufacture of lubricants, 
39. 

Palm oil, melting point and specific 
gravity of, 39, 40. 

Palm oil, preparation of, 105. 

Palm oil, yellow, 108. 

Paraffin, 8, 67. 

Paraffin and petroleum jelly, 133. 

Paraffin in lubricating greases, 83. 

Paraffin oil in lubricants, 132, 135, 
137. 

Paraffin oil, specific gravity, etc., of, 

68 . 

Paraffin, ozokerite, specific gravity of, 
83. 

Paraffin, specific gravity and melting 
point of, 82, 83. 

Paraffin, U.S.A. exports, 54. 

Paraffin wax, 56, 82. 

Paraffins detected in Pennsylvanian 
petroleum, specific gravity, boiling 
point, etc., of, 60. 

Paraffins, solid, 83. 

Paravaseline as a lubricant, 140. 

Paris blue in blacking, 214. 

Patent caoutchouc grease, 224. 

Patent graphite lubricating powder, 
Drechsler’s, 138. 

Patent leather stains, 211. 

Petrol, 61. 

Petroleum, 54, 137. 

Petroleum benzine, 18, 20. 

Petroleum, crude, Galician exports of, 
57. 

Petroleum, crude, production of, in 
Galicia, 57. 

Petroleum, crude, production of, in 
Roumania, 57. 

Petroleum, crude, Roumanian exports 
of, 57. 

Petroleum, crude, Russian, production 
of, in 1913 and 1914, 56. 

Petroleum, crude, specific gravity, etc., 
of, 60. 

Petroleum, crude, still for, 62. 

Petroleum, crude, yield of paraffin 
from, 82. 

Petroleum, distillation of, 61, 62, 63. 

Petroleum ether for cleaning rags, etc., 
195. 

Petroleum other, specific gravity, etc., 
of, 66. 

Petroleum for cleaning machinery, 
193, 194. 

Petroleum in leather varnish, 216, 218, 
219. 

Petroleum in lubricants, 153. 

Petroleum jelly, 7, 124. 

Petroleum jelly and paraffin grease, 
133, 


I Petroleum jelly as a leather preserva- 

I tive, 224. 

Petroleum jelly as a lubricant, 141. 

Petroleum jelly, paraffin in, sk 

Petroleum oil fields, 56. 

Petroleum oil refineries, 55. 

Petroleum oils, fractionation of, after 
second distillation, 63. 

Petroleum oils in lubricants, 8, 53, 54, 
55, 56, 57, 58, 59, 60, 61, 62, 63, 
64, 65, 66, 119, 167. 

Petroleum oils, separation of, by frac¬ 
tionation, after second distillation, 
63. 

Petroleum, Pennsylvanian, specific 
gravity, boiling point, etc., of 
paraffins detected in, 60. 

Petroleum products, imports of, into 
U.K. in 1914, 58. 

Petroleum products refined after first 
distillation, 63. 

Petroleum, Russian, products from, 
63, 66, 67. 

Petroleum spirit, 57. 

Petroleum well-sinking inU.S.A.,53,64. 

Petroleum, world’s production of, for 
various years, 59. 

Physetoleic acid, formula, melting 
point, and origin of, 14. 

Phytosterol, formula, melting point, 
and origin of, 16. 

Piston-rod grease, 134, 

Pitch, black, 119. 

Pitch, brewer’s, in grease, 138. 

Polishes— 

Black, in sticks, 203. 

Guttapercha, 211. 

Shoe, 201-214. 

Spermaceti, 210. 

Wax, 210. 

Polymerisation of oils, 49. 

Polymerised oils, 8, 49. 

Pork fat in lubricants, 111, 112, 120. 

Porpoise oil in lubricants, 8, 41. 

Potash, caustic, 13. 

Potash, 115. 

Potash in blacking, 210. 

Potash in leather softeners, 222. 

Potash soaps, 9. 

Potash soaps in lubricants, 86, 87. 

Potash solution in degras making, 
226, 227, 228, 229. 

Potassium chromate in blacking, 209. 

Potassium fcrrocyanide in blacking, 
214. 

Potatoes in blacking, 212. 

Prussian blue in blacking, 210, 212. 

Prussian blue in leather softeners, 225. 

Prussian blue in leather varnish, 217, 
218. 

Pyronaphtha, specific gravity, etc., of, 

66 . 



24 ‘il Till') MANUFACTiriiK OF liUlilUt'ANTK. 


Quicklime in lubrioanbH, l-U. 

liailway i^roane, 141. St'6 alKc Axle 
greaHO. 

■Rancidity, 10, lb, 4H, 40, 1‘2(>. 

Rape oil, 8, 4H, 101, 107, 108,100, 111, 
112, 12H, 120, IH2, 1H7, MO. 

Rape oil in leatlici* HoftuiHvrn, 222, 
224, 

Itapc oil in lubricatitiM, lb, 101, 102, 
107, lOH, 100, Ml, 112, no, 117, 
118, no, 125, 128, 120, 100, 122, 
12I, 127, 141, no, 152, 152. 

Uap(^ oil rellning, 27, 20, 21, 152. 

Rape oil, Hpccific gravity, et<^, of, 45. 
Rapic acid, formula, melting point, 
and origin of, 14. 

R'dinerioH, petroleum oil, 55. 

Bofming bone fat with uitro-hydro- 
clilorie. acid, 20. 

Rofiniug bone oil, 150, 15L 
Refining oil witli bloae.hiug powiler, 
152. 

Rofiniug oil with lye, 150. 

Rofiniug oil with Hulphuric ae/id, 150. 
Refining oiln, 22-22, 02, 125, 120, 140, 
150, 151, 152. 

Refining rape oil, 27, 20, 21, 152. 
Rofiniug train <41, 00. 

RoHin groaHO for loatlier, 222. 

RohIu in loatlier HoftenerH, 222, 224. 
iloHin in loatlun- varnish, 217-210. 
ItctortB used in shale oil industry, 74, 
Hliigolene, boiling point, ote., of, 02, 
Ricinoloie. acid, 12. 

Rieinoleie acid, formula, melting 
point, and origin of, 15. 

Rock oil, 52. 

Rope grease for wins ropisways, I2H. 
Rosin, 8. 

Rodn, aspUaltie residue hi, 70. 

Rosin, dry distillatiou of, HI-B2. 

Rosin greases (d(saii), 122. 

Rosin maeshine grease, 120. 

Rosin oil, 7, H, 128, 120, 107. 

Rosin oil and fat lubrie.ants, 120. 
Rosin oil and train oil lubricant, 120. 
Rosin oil, blue, 127. 

Rosin oil, distillation of, 70. 

Rosin oil in lubricating gnuise, 00, 
Rosin oil, preparation of, HI. 

Rosin oil, r<dining of, HO. 

Rosin oil, yidlow, 127. 

Rosin oils for lubric-ating and otlior 
purpoHOH, 172-L72. 

Rosin oils solubhi in wattir, Boleg’s 
patent for preparation of, 171-172. 
Rosin oils, soluble, roeipos of, 170. 
Rosin oils, speeiflo gravity of (Riiwlvo- 
witseh), 80. 

Rosin, proauets of, by distillation, 70. 
Rosin, saponification value of, 78, 


Rosin soaps, 7H, 111, l(»0. 

Rosin, still for tlistilling, HI, H2, 

Sandarach in Urn,tber varnish, 217. 
Saponilicat-inn, <*l(suiing rags hy, 100. 
StU’mving tdls, 52. 

Si^samum oil us Inljricant, 22. 

Smving maehinrss. S&t' Maehimw, mnv« 
iiig. 

Shahs lubric.ating oils from, flash point 
of, 75. 

Shah^ oils, H, 5.2, 71. 

Shah' (»il, cruths Hn»xburn, 75. 

Shah' oil, enuh', produt't.H from, 75. 
Slnih' oil, crude (Young’s), 70. 

Shale oil, distillation of, 72, 74, 75. 
Shah' oil industry, 72-7(l. 

Shale oil w«>rkH, products niamifm'tiUHul 
in, 72. 

Shale oil, yit'ld of paraflin from, 82. 
Shah', Scotch, analysis of, 74. 

Slialo yitilds on distillation, Hroxhiirn, 
74. 

Sliamoylng for degras, 22(», 227. 
Slu'llae in blacking, 211. 

Slu'llae in h'atlier Hoftt'nors, 222. 
Slu'llac, in leather varnish, 2l(i, 217. 
Sins' polisln'S, 201 214. 

Soap and mineral oil hibrii’ants, 120. 
Soap and pt'troh'Um jelly grtnuu', I II. 
Soap gri'ast' for lusd. iippi'.rs, 221, 

Soaj) grt'juu'S, 111, 115, 

Soap m blacking, 2l)H. 

Soap in leather Hoftt'iu'rs, 221 222. 

S<tu.p in solid grtnua's, HH. 

St)ap, h'ad, 112, 

Soap (h'ad) lubricants, 111, 

Soap, Hint', 125. 

Soap, rosin, 141, 100, 

Soaps, alkaJi, Ifi. 

Soaps, alumina, 0, HO. 

Soaps, analysc.H of various, H7. 

Soap.s, hard, analyw'S of, HO, 

Soaps in luhricants, H, 0, 7H, H5, HO, H7, 
HH. HO, 101, lOH, in, 124. 

Soaps, linns 0, 7H, HO, HH. 

Soaps, niagnc.sia, 0, HO, 

Soaps, potash, 0, HO. 

Soaps, Sfsla, 0, H I. 

Soapstoui'. See also 2’ah'. 

Soa.pHton(', 01, 125. 

Soda, 0, 107. 

Soda ash, 05. 

Soda, c-arhonatc of, 01. 

Soda, ('anstitg 12. 

Soda, ('austie, n'flning oils with, 27, 2H. 
Soda c.rystalH, 05, 1,01, lOH, 100. 

Soda t'rystals ecjnvtsrtod into c,austie*. 
soda, 105. 

Soda firystals in lubricants, 102. 

Soda grcsasc'H, 102. 

Soda grease's, pre'paration ofj 105. 
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Soda in blacdiiug, i^07, 210, 

Soda in grcant^H, UG, 117. 

Soda lyo, 109, 110, 141, KM. 

Soda lyo, (UiuhUo, IGS. 

Soda lyu in groasoH, ld5. 

Soda lyo in making dogran, 22B. 

Soda HoapH in hibrittanlm, i), 84. 

ScKla, Hulpbal .0 of, IGO, IGl, 102, .104. 
Sodium oltuiito, 18. 

Sodium HaltH of iho acjida an omulHity¬ 
ing agontiH, 165.* 

Solar oil, ligldi, Hpooific gravi(>y, etc., of, 
(50. 

Solar oil lubricant, 180. 

Solid Uibri(iantH, various, 97-110, 119- 
12 ‘ 1 . 

Solid paradins, B8. 

Solidi(i(Hl oils, analyses of, by Holler, 
124. 

Soluble oil, method of preparing, 52. 
Soluble oils, 15G-178. 

Soluble oils and soluble compounds, 
17-1. 

Soluble oils, ecminuu'cial, 1(59. 

Soluble oils c.ontaining rosin, recipes 
of, 170, 171. 

Solubbb oils for mac.hiue tools, K55. 
Soluble oils, manufacture of, 15(5, IG5. 
Soluble oils, two formube for, 1(58. 
Soluble oils with sulpboleab^ basis, re¬ 
el p(m of, 170. 

SolubU^ mineral oils with obiin basis, 
reciipes of, 1(59, 170. 

Soluble rosin oils, nunpcjs of, 170. 
Solvent (ixtracjtion j)lant ((1, Scott t’k 
Sotis), 20, 21. 

Spormaeeti in bbu^king, 210, 
Sp(irmac.eti in leather softonors, 228, 
Sp(^rmaeeti polish, 210. 

Sptu’m oil, H, 10, 40, 107. 

Sperm oil, Hpc(?iile gravity of, 40. 
Spindle oil, Hpcudllo gravity, etc., of, 
(5(5. 

Spirit of wine in hlac-king, 214. 

Spring greaseg 107. 

Startsii in blaoking, 208. 

Stoari(5 acid, formula, molting point, 
and origin of, 14. 

Stearic atud in leather Hofteners, 222. 
Stearin in mjatsfoot oil, 42. 

Steatite. Talc. 

Sterols in fats and oils, 1(5. 

Still for crude petroleum, (52. 

Sugar in blacking, 210, 218, 2M. 

Sugar in leatlior Hoffconors, 222, 224. 
Sugar of h^ad, 90, 111, 112, 117, 

Sugar of load in lubrifiants, 111, 112. 
Sulphate of soda, 1(50, 1(51, 102, 104. 
Sulphonated castor oil as emulsifying 
agent, 15(5. 

Sulphonated oils, 8, 62, 15(5, 101, 104. 
Sulphonated oils, analyses of, 174-170, 


Sulphur axle grease, 101. 

Sulpliurio acid, 28, 24, 25, 20, 52, 150, 
157, 158, 159, 100, 101, 1(52, 1(54, 
1(55. 

Sulphuric! acid in blac.king, 207, 209, 
210, 212, 218, 214. 

Sulphuric, acid in huitber softeners, 
224. 

Sulpluiric acid in oil pundc.ation, 22. 
Sulphuric acid process of refining oils, 
22, 28, 24, 25, 2(5, 29, 81. 

Sulphur, spectific gravity, el»o., of, 94. 
Summer greasciH, 107, 118. 

Syrup in blac.king, 207-214. 

Syrup in leather varnisli, 21(5. 

Talc, as a lubricant, 141. 

Talc, Hp(!cilie gravity of, 98, 94. 

Tallow, 9, II, 97, 98, 99, 101, 102, 107, 
109, 110, 11.5, 117, 120, 1.28, 129, 
180, 185, 188, 141. 

Tallow and castor oil grease, 102. 
Tallow and neatsfoot oil gnsase, 102. 
d’aHowand train oi! grease, 99, 102. 
Tallow, boil(!r for molting, 17. 

4’allow, c.rud(!, purification of, 84, 85, 
8(5. 

8’allow grease, 102. 

Tallow in blacking, 208. 

Tallow in leather Hoftenors, 221, 224. 
Tallow in lubricants, 84, 97, 98, 99, 
101, 102, 107, 110, 115, 117, 120, 
128, 129, 180, 185, 188, 141. 

Tallow lubrU'.autH, 97, 98, 99, 102. 
Tallow, Hpeeifie gravity and melting 
point of, 8f}, 84. 

Tallow, purification of, 84, 85. 

Tallow oil, 8, 88, 44, 112. 
d’allow, oil ami soap grease, U5, 
Tallow, rape oil and soda greasoH, 102. 
Tan in blacking, 209, 214. 
d’anner’s grciase, 220, 228, 229. 

Tannin extract in degras making, 229. 
'rimuiii in blacking, 2M. 

Tannin in leather softouerH, 222, 228. 
Tannin process of refining oils, 2(5, 27. 
d’ar, 188. 

Tar, coal, 187. 

Tar, coal, chief c-onstituoutH of (Lutige), 
(18, (59, 70. 

Tar, c.oal, compoHitiou of, (57. 

Tar, coal, distillation of, 70, 71. 

Tar, coal, sp(5(!iru5 gravity, etc., of, 
07. 

Tar, coal, still, 70, 71. 

Tar, ooko oven, 71. 

Tar from HuHsian petroUuun, (57. 

Tar, lignite, products from, 77. 

Tar oils soluble in wafier, lioleg’s 
patent for preparation of, 171-178. 
Tar oils, soluble in wattjr, uhoh of, 178. 
Tar oils, thiekoniiig agent fur, 51, 
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Temperature, influence of, on lubri¬ 
cants, 11, 40. 

Testafas, specific gravity, etc., of, 66. 
Tiglic acid, formula, melting point, 
and origin of, 14. 

Tool lubricants, 162. 

Tools, machine, soluble oils for, 165. 
Train oil, 40, 42, 108, 110, 113, 128, 
136, 138. 

Train oil and tallow grease, 102. 

Train oil as a lubricant, 42. 

Train oil greases, 99, 100, 101. 

Train oil in lubricants, 42, 99, 101, 
102, 103, 107, 108, 110, 113, 116, 
117, 125, 128, 130, 136,138. 
Tripalmitin, 12, 13. 

Turbine oils, 137. 

Turkey red oil, 156, 159,162, 163. 
Turpentine, 77. 

Turpentine in leather softeners, 223. 
Turpentine oil. See also Oils, tur¬ 
pentine. 

Turpentine oil in leather softeners, 
222-224. 

Umber in leather varnish, 215. 

Use of lubricants, 199, 200. 

Valeric acid, formula, melting i)oiub, 
and origin of, 14. 

Varnish— 

Asphaltum, 219. 

Black, for belts, 217. 

Black harness, 217. 

Black leather, 216. 

Caoutchouc, 218, 219. 

Caoutchouc, for rubber shoos, 219. 
Caoutchouc repairing, 219. 

Elastic caoutchouc, 218. 

Elastic leather, 217. 

Flexible blue, 217. 

Glossy black leather, 215. 

Harness, 216. 

Liquid asphaltum, glossy, 219. 
Varnishes, black, asphaltum in, 83. 
Varnishes for leather, 215-220. 
Varnishes, glossy, 215, 219. 



Vegetable and animal oils, surface ten¬ 
sion of, 146-147. 

Vegetable oils, 8, 48, 49. 

Vegetable oils, extraction of, 18. 
Vienna oil blacking, 207. 

Vinegar in blacking, 213. 

VisGOsin, 56. 

Viscosine, specific gravity, etc., of, 67. 
Vitriol, green, in blacking, 20S, 209, 
214, 

Vitriol, groen, in ddgras making, 229. 
Vitriol in leather varnish, 216. 

Volatile fat solvents, 18. 

Volatile fatty acids, 50. 

Volatile oils, 49, 61, 77, 130. 

Vulcan oil, 140. 

Waggon greases, 121, 122. 

Waste fat, ddgras from, 220. 

Water in blacking, 207, 208, 209, 210, 
211, 213, 214. 

Water in leather softeners, 222, 223. 
Water in leather varnish, 216. 

Water in lubricants, 101,102,104,105, 
106, 107, 103, 109, 111, 112, 119, 
132,153. 

Waterproof caoutchouc blacking, 209. 
Waterproof grease, glossy, 222. 
Waterproof loathor grease, 222. 

Wax in blacking, 208, 210. 

Wax in leather softeners, 222, 223. 
Wax, paraffin, 82. 

Wax polish, 210. 

Wax shoe polish, 210. 

Whale oils, 8, 51, 146. 

Whale oil, specific gravity of, 41. 
Wheel greases, 122. 

White patent grease, 136. 

Winter grease, 107. 

Wire ropeways, grease for, 138. 
Wooden machinery, grease for, HO. 
Wool fat, purifying, 141. 

Wool grease, 146. 

Zinc oxide method of refining oils, 29, 
30. 
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